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AUTHOR’S PREFACE. 


This Text-book of Botany is intended to introduce the student to the 
present state of our knowledge of botanical science. Its purpose is not only 
to describe the phenomena of plant-life which are already accurately known, but 
also to indicate those theories and problems in which botanical research is at 
present especially engaged; the arrangement of the material and the mode of 
treatment of the separate subjects are adapted to this purpose. Detailed dis- 
cussions of questions of minor importance have been avoided, as these would 
only mar clearness of outline in the design; critical remarks have been intro- 
duced occasionally where they seemed necessary, in order to determine facts, or 
to justify the views taken on matters of fundamental importance. 

The historical development of botanical views and theories does not seem 
to come within .he scope of a Text-book of Botany, and would only interfere 
with the unity of design of the work. It would therefore be superfluous to 
quote scientific works which have only a historical interest. In the references 
which will be found in the work the chief object has been to introduce the 
student to those writings in which he will find a fuller discussion of those parts 
of the subject which have been only touched on briefly. In some cases the 
writings of others have been quoted because they represent views different from 
those of the author, and because it is desirable to place the student in a posi- 
tion to form a judgment for himself. Others again of the references are simply 
for the purpose of citing the authorities on which reliance is placed for state- 
ments that have not come within the range of the author’s own observation. 
The reader of this work will at least learn the names and standing of those 
woikers who have in recent times contributed most essentially to the science 
of which it treats. 

By far the greater number of the illustrations are original, many of them 
the result of laborious investigation. Where they have been copied the name of 
the author from whom they are borrowed is in each case given in the descrip- 
tion; illustrations from other sources are used only when the objects themselves 
have not been accessible, or when it seemed impossible to obtain better ones. 

The Table of Contents will give sufficient indication of the plan of the 
work; the Index should be consulted for references to other parts of the book 
where an explanation of technical terms will be found when their meaning does 
not appear in any particular passage. 
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EDITOR’S PREFACE. 


When I undertook, about a year ago, to prepare a new English edition of this 
important work, based upon the German edition of 1874 , 1 found that it would be 
necessary to make considerable alterations and additions if the work were to main- 
tain in any degree its high reputation as adequately representing the attainments of 
Botanical Science. It is with the object of maintaining this reputation that I have 
ventured, not without considerable diffidence, to add to and to alter Professor Sachs' 
work ; but I have been careful to distinguish my alterations and additions either by 
enclosing them in brackets or by quoting my authority, so that the reader will have 
no difficulty in recognising them. I cannot flatter myself, however, that I have been 
altogether successful in my attempt. Complete success could only have been 
attained by rewriting a considerable portion of the work, but this did not come 
within my province. 

I found also that nearly the whole of Book I. had already been for some time 
in print, and that consequently a number of important recent discoveries had not 
been noticed in it. In order to meet this difficulty I suggested to the Delegates 
of the Clarendon Press that the first thirty-two pages should be revised and re- 
printed, and that the additional notes necessary for the completion of Book I. should 
be incorporated in an Appendix, a suggestion which met with their approval. An 
opportunity was thus afforded me of adding some further notes and references on 
the remainder of the work. As it also contains the Corrigenda, the Appendix has 
come to be an important feature, and I therefore especially recommend it to the 
notice of the reader. 

I have no doubt that many errors of omission and of commission will be 
detected ; for these I would beg the reader’s indulgence, in so far as I am respon- 
sible for them. They would have been much more numerous but for the valuable 
criticisms and suggestions of many friends, among whom I may especially mention 
Mr. W. T. Thiselton Dyer, Assistant Director of the Royal Gardens, Kew, Mr. D. 
H. Scott, Assistant Professor of Botany in University College, London, and Mr. F. 
O. Bower, Lecturer in Botany at the Normal School of §cience, South Kensington. 
To my friend Mr. A. E. Shipley, Scholar of this College, I am much indebted for 
his kindness in assisting me in the serious labour of preparing the Index. 

S. H. V. 

Christ's College, Cambridge, 

August , 1882. 
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BOOK I. 


GENERAL MORPHOLOGY. 


CHAPTER I. 

MORPHOLOGY OF THE CELL. 

Sect. i. Preliminary Inquiry into the Nature of the Cell. — The sub- 
stance of plants is not homogeneous, but is composed of small structures, generally 
indistinguishable by the naked eye. Each of these is, at least for a time, a whole 
complete in itself, being composed of solid, semi-solid, and fluid parts which differ 
in their chemical nature. These structures are termed Cells. For the most part, 
large numbers of them are in close contact and firmly united; and they then 
form a Cellular Tissue . But in every plant which completes its term of life there 
is at least one period in which certain cells or groups of cells separate at definite 
points from the union, and, after isolation, begin for themselves an independent 
course of life, as spores, pollen-grains, oospores, gemmae, &c. 

Like the shape and size of the whole plant, the form, structure, and size of 
its individual cells are subject to regular changes ; and the nature of these cannot be 
ascertained from the study of a single phase, but only from the entire series of 
changes which may be called the life-history of the cell. And as, moreover, each 
cell fulfils its own definite part in the economy of the plant, i. e. is specially intended 
for certain chemical or mechanical purposes, so also^ ceils exhibit a diversity of 
form corresponding to their different functions. These differences, however, do 
not usually arise until the cells have passed through their earlier stages; the 
youngest cells of a plant differ only slightly from one another. 

The general morphological laws which prevail in all cells are also more clearly 
evident in the young state ; the more the developing cells adapt themselves to the 
special purposes which they have to fulfil, the more difficult it becomes to recognise 
in them these laws, which we will now expound more in detail. 

By far the largest proportion of cells in the living succulent parts of plants, 
such as young roots, leaves, internodes, and fruits, are made up of three con- 
centrically-disposed parts. First is an outer skin, firm and elastic, the Cell-wall, 
/ 
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consisting of a peculiar substance, which we call Cellulose (Fig. i, &, C, h\ Close 
to the inner side of this membrane, which forms a closed envelope, is a second 
layer, also entirely continuous, the substance of which is soft and inelastic, and 
which always contains albuminous matter; to this substance H. v. Mohl gave the 
distinctive appellation of Protoplasm \ In the cells now under consideration it 

forms a sac" enclosed by the 



cell-wall, in which sac other 
portions of protoplasm are 
also usually present in the 
form of plates and threads 
(Fig, i, B , C y p). Absent 
from some of the lowest or- 
ganisms, but present in all the 
higher plants without excep- 
tion, there lies imbedded in 
the protoplasm a roundish 
body, the substance of which 
is very similar to that of the 
protoplasm, the Nucleus (A, 
C, X’). The cavity enclosed 
by the protoplasm-sac is filled 
with a watery fluid, the Cell- 
sap (/I, C, s). In addition to 
these, there are also very com- 
monly found in the interior of 
the cell granular bodies, which 
however may be passed over 
for the present. 

Cells, in the stage of deve- 
lopment now described, consist 


Fir., i. — Parenchymatous, cells from the median cortical layer of the root of 
FrUillnria imperial ts ; longitudinal sections ( ■' 550). very young cells lying 
ch>se to the apex of the root, still without cell-sap. /» cells ot the same rlcsiript' 
Aiout » min. from the apex of the root, the 1 ell-sap * forming separate drops in the 
protoplasm p; between the drops are plates of protoplasm; C cells of the sa 
descriptioi about 7— 8 mm. from the apex of the root; the two * ells to the i‘ 
below are iccn in a front view , the large cell to the left below is in optical sect 
the cell tf right above is opened by the section; the nucleus shows, unde, 
influence of the penetrating water, a peculiar appearance of swelling (a, y). 


therefore of a firm membrane, 
semi-solid protoplasm (includ- 
ing the nucleus), and fluid cell- 
, the < 

sap is wanting. If the same 
cells are examined in a very 


early stage of their development they are smaller (A), their cell-wall thinner, and 
the protoplasm forms a continuous mass, in the middle of which lies the nucleus, at 


1 H. v. Mohl, Ueher die Saftbewegungen im Inncren der Zellen, Bot. Zeitg. 1846, p. 73. The 
importance of this substance to the life of the cell was recognised at the same time by Nagcli, 
who, in conjunction with Schleiden, termed it ‘ Schleiin.’ (Zeitschr. fur wissensch. Bot. von 
Schleiden u. Nageli, Heft III, 1846, p. 53.) [The ‘nucleus’ was figured by F. Bauer in 1830 in 
the stigmatic cells of Bletia Tankervillice from a sketch made in 1802. Meyen in the former year 
indicated it in his * Phytotomic.’ It was first described by Robert Brown (see Misc. Bot. Works, vol. I. 
p. 512) in 1833. Schwann in 1839 applied the term ‘nucleolus’ to the body previously discovered 
by Schleiden (Schwann and Schleiden’s Researches, p. 3). Cohn in 1850 pointed out the analogy 
of the ‘ protoplasm ’ of botanists with the ‘ sarcode ’ of zoologists.] 
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this time relatively very large (k). The cell -sap first appears, when the cell is grow- 
ing quickly (J9), in the form of drops ( Vacuoles ) in the interior of the protoplasm 
(B, s)\ at a later period these drops usually coalesce, and form a single sap-cavity 
(C, s)y which is enclosed by the now sac-like hollow substance of the protoplasm. 

In their earliest state the cells of the wood and cork of trees show conditions 
of development which correspond essentially to those represented in Fig. i. In 
these cells, however, a new condition follows very soon after the appearance of the 
cell-sap; the protoplasm containing the nucleus disappears, leaving the cell-cavity 
filled either with air or with water. Older wood and cork thus consist of a mere 
framework of cell-walls. 

An important difference exists between the further behaviour of those cells 
which enclose protoplasm, and of those from which it has disappeared. The former 
only can grow, develope new chemical combinations, and, under certain conditions, 



FIG. a. — Sexual reproduction of Put us vestru/osus ; / 1 branched hair bearing antheridia ; Jt antherozoids ; / an oogonium Og with 
paraphyses /; II the exterior membrane a of the oogonium is split, the inner membrane r protrudes, containing the aospheres; HI an 
oospherc escaped, with antherozoids swarming round it; V first division of the oospore or fertilised oosphcrc; Ik' a young plant 
resulting from tilt* growth of the oospore (after Thurct, Ann. dcs Sci. Nat. 1854, vol, II). {fi x 330; all the rest X 160.) 

form new cells. The latter are never capable of further development ; in the case 
of wood, they are of service to the plant only from their firmness, power of absorbing 
water, and peculiar form ; in cork, by forming protecting envelopes which surround 
the living succulent cellular tissue. 

Since then no further development can take place in cells which no longer 
contain protoplasm, it may be concluded that the latter is the proximate cause of 
growth. We shall see hereafter that the development of each cell begins with 
the formation of a protoplasm-mass, and that the cell-wall is also generated from 
it ; but the relation of the protoplasm to cell-formation is still more striking when 
it exists for some time in the free state as a mass of definite form, which eventually 
clothes itself again with a fresh cell-wall, and takes up cell-sap. We have an 
excellent example of this in the reproduction of the Fucaceae. On the fertile 
branches of these large marine Algae, of which we may take Fucus vesiculosus as 


4 


MORPHOLOGV OF THE CEIL . 


an example, large cells, the oogonia (Fig. 2, /, Og\ are formed in peculiar 
receptacles; the space enclosed by the cell-wall is densely filled with fine-grained 
protoplasm, which is at first homogeneous, but subsequently breaks up into eight 
portions (oospheres); these, completely filling up the cpll-cavity of the oogonium, 
press against one another and become polygonal. The wall of the oogonium 
consists of two layers; the outer one splits, and the inner one protrudes in the 
form of a sac, which becomes distended by absorption of water ; in this enlarged sac 

the oospheres become globular 
(Fig. 2, I/); when this bursts, 
the oospheres, now completely 
spherical, escape. By the fertilis- 
ing action of other smaller proto- 
plasm-masses, the antherozoids, 
these balls of protoplasm or oo- 
spheres arc excited to further 
development; on the exterior of 
each fertilised oosphere or oospore 
a colourless substance makes its 
appearance, which hardens into 
a continuous cell-wall. The newly- 
formed cell now grows in two 
different directions in different 
modes, and produces, after further 
transformations (Fig. 2, V and 
/V), a young Fucus-planl. 

Still more clearly does the inde- 
pendence of the protoplasm of 
a cell show itself in the formation 
of the swarm-cells 1 (zoogonidia) 
of Algie and of some Fungi. In 
many cases, as in Stigeocionium 
tnsigne (Fig. 3, B , <2), the proto- 
plasm of a cell filled with cell-sap 
contracts, expels the cell-sap, and 
forms a roundish ball, which, 
escaping through an opening in 

ip; the protoplasm of each idl has split into two equal f i nhnilt in iho 

parts, ami contracted by addition of a recent. Oie Ceii-Wdii, SWimS aUOUl HI UK, 

water (C). While passing out, 
the protoplasm shows, by its motions and changes of form, that it is soft and 
extensible ; but, once freed, it assumes a definite form. Usually after some hours, 
the swarm-cell comes to rest; if killed by proper means, the protoplasm contracts 
(fi, F 1 />), and a delicate cell-wall may now be recognised, which it did not 
possess at the time of its exit, when it began to swim about. When once at 

1 [For thftiexact meaning of this term see Book II. Chap, i, the Introduction to Thallophytes. 
The term ‘swaiming* is applied to any apparently spontaneous motion imparted to a naked 
protoplasmic body by vibratile cilia.] 



I'u;. 3— S ttjiro >»tum insijrnt (after Naffdi, I'flunrcnphysi 
unffen, Heft I) ; A filament of the i ; of one row 

lateral branch ; il\ etn prutoplas ophyU-bodies), iml 

he pr 

' anil protruding' hroiiffb 
wall; <’ mv. i-ccll; >ut cell-wall; f* «i 

killed; the protnpln ontractcd and slin the newly -formed c 

// a yotntff plant ff m the swarm-cell 
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rest, it also changes its form, and increases in volume, cell-sap collecting in the 
interior. The cell formed in this way now grows in a manner dependent on the 
specific nature of the plant; — in our example it elongates itself (Fig. 3, D and 
H ), — and new changes (in this case cell-divisions) begin. 

These examples — and many more might be added — show us that the proto- 
plasm constitutes the cell ; the cell, in the sense defined above, is evidently only a 
further development of it; the formative forces proceed from it. It has hence 
become usual to consider a protoplasm-mass of this kind as a cell, and to designate 
it as a naked membraneless or Primordial Cell . 

The development of a swarm-cell, like that of the oosphere of Fucus , shows, — 
as does also the case of every other cell, — that the substance of the cell-wall was 
already contained in the protoplasm in some form or other which could not be 
recognised; the formation of the cell-wall must be regarded as a separation of 
matter already existing in the protoplasm. In the same manner the water of the 
cell-sap, although taken up from without, must nevertheless pass through the proto- 
plasm ; and, while it collects inside it as cell-sap, it takes up from it soluble sub- 
stances ; so far the formation of the cell-sap is also a separation of matter hitherto 
contained in the protoplasm. The nucleus is probably to be regarded as a differen- 
tiated portion of the protoplasm. Thus the mature cell, provided with cell-wall, 
nucleus, and cell-sap, is the result of a differentiation of matter already contained in 
the protoplasm. The essential point is this, — that this differentiation always leads 
to the formation of concentrically disposed layers, the outer of which, the cell-wall, 
is firm and elastic, the inner, the protoplasm-sac, soft and inelastic. If the cell, as 
is usually the case, is at first without any sap-cavity, the protoplasm is less firm and 
more watery in the centre, or a nucleus is in this case formed, which, at least in 
young cells, is always more watery than the surrounding protoplasm. When at last 
the cell-sap makes its appearance, the cavity of the cell is always filled with actual 
fluid, in which the nucleus often takes up a central position surrounded by proto- 
plasm, or, more usually, approaches the circumference of the sap-cavity, and becomes 
parietal. So long as the phase of cell-development in which the cell appears as 
a sap-cavity bounded by a membrane — certainly the one most commonly seen — had 
alone been observed, it was correct enough to define the cell as a vesicle ; but it is 
obvious that this view does not apply to many true cells, e.g . to young cells 
which form component parts of a tissue (as Fig. 1, A ), of the true nature of 
w'hich we • should get but an ill-defined conception were we to regard them as 
vesicles. The term applies still less to swarm-cells and to the oospheres of 
Fucus . 

Sect. 2. Difference in the Form of Cells. — The development of the indi- 
vidual cell by no means always results in the forms just described ; further changes 
of form usually take place in the separate parts of the cell. The volume of the 
entire cell generally increases for a consider able*lime, with corresponding increase 
of the cell-sap ; not unfrequently it amounts to a hundred or even a thousandfold 
the original volume. During this increase, the form commonly changes ; if it was 
at first roundish or polyhedral, it may become filiform, prismatic, or tabular, or 
branch into a number of arms. The cell-wall may increase very considerably in 
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thickness; but this thickening is usually not uniform ; particular spots remain thin, 
in others the thickened membrane projects internally or externally in ribbon-shaped 
prominences, spines, or knobs. In the substance of the cell-wall itself differences 
also manifest themselves, which* give it greater firmness, elasticity, or hardness, 
or, on the other hand, greater softness or pliancy. The protoplasm may, in 
these processes, decrease more apd more, until at last it forms an extremely thin 
membrane, applied so closely to the cell-wall that it docs not become visible till 
contraction takes place ; after the completion of the growth of the cell-wall it may 
even entirely disappear. But in many other cases the protoplasm increases with 
the increase in volume of the cell; it forms a thick-walled sac, the substance of 
which is endowed with constant motion, while filiform or ribbon-shaped strings 
of protoplasm often traverse the sap-cavity. In those cells which appear externally 
green, certain portions of the protoplasm become separated, and assume a green 
colour; these particles, the Chlorophyll- bodies, may have the form of bands, stars, 
or irregular masses ; but they usually form numerous roundish granules, and are 
always parts of the collective protoplasm -mass of the cell. Sometimes, mixed with 
the green colouring-matter which tinges them, are pigments of other colours, red, 
blue, or yellow (as in the Florideje, Oscillatorieae, and Diatomaceie) ; or the chlo- 
rophyll-granules assume, through changes in their colouring-matter, other tints, 
mostly yellow or red. Colouring-matters may also be dissolved in the cell-sap. 
The other chemical compounds, which are formed in extremely large numbers in 
the cell, are mostly dissolved in the cell-sap; but many of them assume definite 
forms; thus arise granules of fat, drops of oil, and frequently true crystals or 
crystal-like bodies. One of the commonest granular compounds present in almost 
all plants, with the exception of Fungi and some Algte and Lichens, is starch, the 
grains of which often accumulate in the cell in quantities greatly exceeding all other 
substances. 

Cells of the most perfectly developed form are found in certain families of Algse, 
the Conjugate, Siphoneae, and Diatomaceae. Since in these cases the same cell unites 
in itself all vegetative functions, and at the same time a many-sidedness presents itself 
in the vital phenomena, the whole cell attains a high degree of differentiation ; the 
separate parts — the cell-wall, the protoplasm, and the bodies enclosed in it — show a 
variety of structure which does not occur elsewhere concurrently in the different parts 
of one and the same cell. In addition to this, the same cell has in these cases often to 
go through the most diverse metamorphoses, so that besides its manifold development as 
to size, it also undergoes a series of transitory changes of form. Hence these types 
of Algae are of great importance for an accurate comprehension of the nature of the 
cell. (See Book II, Algae.) But these cells are also remarkable in this respect, — that, 
after they have attained their highest grade of development, they are still able to divide 
and to multiply ; sooner or later the protoplasm can abandon the cell-wall, contract, with 
all its contents (starch, oil, chlorophyll, &c.), expel the water of the cell-sap, and form 
eventually a new cell. 

We may pass over the innumerable intermediate forms, and turn our attention to 
the other extreme, namely, to those plants of which each usually consists of thousands 
or even millions of cells, as is the case with Vascular Cryptogams and Phanerogams, 
and in which the different parts of the plant undergo an entirely different morpho- 
logical development, and are adapted to different functions for the support of the 
whole. Here we find that certain cells never attain their full development; they 
remain constantly in the immature condition which is represented in Fig. i, A\ these 
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however assist the whole by continually giving rise to new cells by division, which then, 
on their part, undergo a further development. Such cells, which serve exclusively for 
the purpose of producing new ones, are found at the extremities of all roots and branches, 
and between the bark and wood of exogenous trees and shrubs. The cells produced in 
these positions undergo a different development according to their situation, and usually 
in such a way that aggregations of them into layers or strands follow simultaneously 
the same mode of development. Some grow quickly in all directions, their wall remains 
thin, the great bulk of their protoplasm becomes transformed into chlorophyll-granules, 
they are rich in cell-sap, and serve, as we shall see hereafter, for assimilation, #. e . the 
production of new organic substance which is formed out of the elements of the absorbed 
nutrient material. In other parts of the same plants the cells extend greatly in length, 
their diameter remains small, they form no chlorophyll ; a certain number remain suc- 
culent and serve to convey assimilated substances ; other cells of the same strand thicken 
their walls rapidly in many ways, their septa become absorbed, numerous cells in the 
same row combine into a long tube (vessel), from which the protoplasm and the cell-sap 
disappear ; they serve then as organs of conduction for the plant. In their neighbour- 
hood are formed the wood-cells ; these are mostly prosenchymatous, extended in length, 
their wall greatly thickened, and its substance chemically changed (lignified) ; they form 
collectively a firm frame-work which supports the remaining tissues, lends firmness and 
elasticity to the whole, and is especially adapted for the rapid conduction of water 
through the plant. In the tissue of tubers, bulbs, and seeds most of the cells remain 
thin-walled ; they become filled in the interior with albuminous substances, starch, 
oil, inulin, &c., which afterwards, when new organs are being formed, serve as material 
for the construction of new cells. In the same manner a considerable series of other 
forms of tissue could be named, cork, the testa of seeds, the stone of stone-fruit, &c., 
which all alike attain their needful firmness and strength by a peculiar development of 
their cell-walls, in order to serve as protective envelopes for other masses of cells which 
are still capable of further development ; their contents disappear as soon as the cell- 
wall has assumed these properties, and their purpose has thus been fulfilled. 

Each of the forms of cell just spoken of, occurring in the same plant, serves 
principally or even exclusively for one purpose only ; in correlation with this, either 
the cell -wall, the protoplasm, the chlorophyll-granules, the cell-sap, or its granular 
deposits, is specially developed. Very commonly these specialised cells lose the power 
of reproduction and of multiplying by division ; when they have fulfilled their function, 
they disappear, or their lignified cell-wall alone remains. The whole plant, of which 
these cells form a part, continues no less to live, since at special points it possesses cells, 
which, at the proper time, again produce new masses of cells capable of fulfilling in their 
turn the same functions. 

Sect. 3. Formation of Cells \ — The formation of a new cell always 
commences with the re-arrangement of a protoplasm-mass round a new centre ; 
the material required is always afforded by protoplasm already present, and the 


1 II. von Mohl, Vermischte Schriften botanischen Inhalts Tubingen 1845, pp. 67, 84, 362 
[Anatomy and Physiology of the Vegetable Cell, translated by Ilenfrey, London 1852], — Schleiden 
in Muller’s Archiv, 1838, p. 137 [Taylor’s Scienl. Mem., vol. 11 . pp. 281-312, and Sydenham 
Society, 1847].— Unger, Hot. Zeit. 1844, p, 489; H. v. Mohl, Hot. Zeit. 1844, p. 273. — Nagcli, 
Zcitschrift ftir wiss. Hotanik, vol. I, 1844, p. 34, vols. Ill, IV, 1846, p. 50.— -A. Hraun, Verjiingung in 
der Natur, Freiburg 1850, p. 129 et seq. [Hay Soc. Hotanical and Physiological Memoirs, 1853]. — 
IJofmeister, Vergleichende Untersuch ungen fiber die Embryobildung der Kryptog. u. Conifi, Leipzig 
1851 [Ray Soc. 1862]. — De Hary, Untersuch ungen fiber die Familie der Conjugaten, Leipzig 1858 — 
Niigeli, Pflanzenphys. Untersuch. Heft I. — Pringsheim, Jabrb. fiir wiss. Botanik, vol. I, 1858, pp. 1, 
284, vol. II. p. 1. — Ilofmeister, Lehre von der Pfianzenzelle, Leipzig 1867. [Strasburgcr, Uebcr 
Zellbildung und Zelllheilung. Jena 1880. — id., Studien fiber Protoplasma, Jena 187^.] 
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newly constituted protoplasm-mass clothes itself, sooner or later, with a cell-wall. 
All processes of cell- formation agree in these points ; but a description which goes 
more into detail requires a distinction to be drawn between different cases in which 
the process now varies in many different ways. 

It must first be noted that the formation of new cells does not always result in 
an increase in the actual number of cells. Three types may be distinguished in this 
respect: — (i) The Renewal or Rejuvenescence of a cell; that is, the format? 
single new cell from the whole of the protoplasm of a cell already in existence; 
(2) The Conjugation or Coalescence of two (or more) protoplasm-masses in the 
formation of a new cell ; (3) The Multiplication of a cell by the formation of two 
or more protoplasm-masses out of one. Each of these types shows a series of 
variations and transitions into the others. The greatest diversity is exhibited in 
the multiplication of cells ; two cases must be distinguished, according as part 
only of the protoplasm of the mother-cell is applied to the formation of the new 
cells, or as the whole mass is converted into daughter-cells. The latter, by 
far the more common case, again exhibits variations, according as the protoplasm- 
masses, which collect around new centres, expel water, contract and become 
globular; according as the cell-wall is secreted during division or after its com- 
pletion ; and, finally, according to the way the cell-sap and nuclei make their 
appearance. 

The different processes of cell-formation are in turn brought into play throughout 
the life of the plant ; — Rejuvenescence, Conjugation, Free cell-formation, and Cell- 
division with contraction and rounding off, are the forms connected with repro- 
duction ; tiile in the growth or increase in volume of an organ by the formation 
of new cells, cell-division only comes into play, and almost invariably by division 
of one cell into two without any considerable contraction and rounding off of the 
new cells ; the multiplication of cells in growing tissue may therefore be described 
as a bipartition of those already in existence. In the formation of reproductive 
cells, the tendency to isolation and rounding off is most strongly displayed ; while 
in cell-formation accompanying growth, the mother-cells are divided by partition- 
walls in such a manner that the resulting daughter-cells resemble their mother- 
cells, or are able to develope into any required form. 

The more important modes of cell-division must now be examined in a few 
examples. 


A. Cell-formation in relation to Reproduction. 

1 . Cell-formation by Rejuvenescence.— A good example is afforded in the 
formation of the swarm-cells of Stigeoclonium insigne (Fig. 3, p. 4). The protoplasm 
of a cell of a filament contracts, and expels a portion of the water of the cell-sap ; the 
arrangement of the differentiated protoplasm -mass is changed, and the chlorophyll-bodies 
become indistinct ; its form alters as it escapes from its cell-wall ; from almost cylindrical, 
the protoplasm-mass becomes ovoid, with a broad greeni and a narrower hyaline end ; 
after its movement has ceased, the latter becomes the base, and the green end alone 
grows when the new cell clothes itself with a cell-wall. The observations of Pringsheim 
on (Edogonium also show that the direction of growth of the renewed cell is at right 
angles to the original direction of growth before the renewal; for the hyaline or 
radicular end of the swarm-cell, which afterwards becomes the point of attachment, is 
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formed on the side (Fig. 4, A , E ), not at one end of the protoplasm-mass. The arrange- 
ment of the entire protoplasm of the cell is therefore entirely changed; the trans- 
verse becomes the longer diameter of the cell and of the plant arising from it. The 
material remains, as far as can be seen, the same, but its arrangement is different. 
This is the point of morphological importance, that every formation of a new cell 
depends essentially on a fresh arrangement of protoplasm already in existence. Hence 
the rejuvenescence of a cell not only may but must be regarded morphologically as the 
formation of a new one. 

2. Cell-formation by Conjugation. — The protoplasm of two or more cells 
coalesces to form one common protoplasm-mass, which surrounds itself with a cell-wall 
and becomes endowed with the other properties of a 
cell. To study this process, which presents many 
variations, we may take one of our commonest fila- 
mentous Algae, Spirogyra longata (Figs. 5, 6). Each 
filament (Fig. 5) consists of a row of similar cylin- 
drical cells, each of which contains a protoplasm -sac ; 
this encloses a relatively large quantity of cell-sap, in 
the midst of which hangs a nucleus, enveloped in a 
small mass of protoplasm, and attached to the sac 
by threads of the same substance; in the sac lies a 
spirally coiled chlorophyll-band, with thickenings 
(chlorophyll -granules) at intervals which contain 
starch-grains. The conjugation always takes place 
between opposite cells of two more or less parallel 
filaments. The first stage is the formation of lateral 
protuberances (Fig. 5, a), which continue to grow 
until they meet (b). The protoplasm of each of 
the t^fd cells concerned then contracts 1 , detaches 
itself from the surrounding cell-wall, rounds itself 
into an ellipsoidal form, and contracts still more by 
expulsion of the water of the cell-sap. This may 
occur simultaneously in the two conjugating cells. 

Next, the cell-wall opens between the two protuber- 
ances (Fig. 6, «), and one of the two ellipsoidal 
protoplasm-masses forces itself into the connecting 
channel thus formed, gliding slowly through it into 
the other cell-cavity ; and as soon as it touches the 
protoplasm-mass contained in it, they coalesce (Fig. 

6, a). After complete union (Fig. 6, b) the united 
body is again ellipsoidal, and scarcely larger than 
one of the two from which it was formed ; during 
the union a contraction has evidently taken place, 
with expulsion of water. The coalescence gives the 
impression of a union of two drops of fluid ; but 
the protoplasm is never fluid in the physical sense of 

the word. The conjugated protoplasm-mass clothes itself with a cell-wall, and forms a 
Zygospore, which germinates after a period of repose of some months, and then developes 
a new filament of cells. With greater or smaller deviations from this plan, conjugation 
takes place in a large group of Algae, the Conjugatae,^arnong which the Diatoms must be 
included, and in some Fungi, the Zygomycetes. In the latter more considerable de- 
viations occur. In Spirogyra nitida it also happens (De Bary, Conjugaten, p. 6) that one 



1*10. 4-—^, /»' escape of the swarm-cells of an 

, (' one free in motion; D the same 
has become fixed and has formed the 
injf disc , escape of the whole protoplasm 
lant of (Jldo^oniutH in the form of a 

wlss. Bot. vol. I. pi. 1 .) 


1 [Strasburger, Ueber Befruchtung und Zelltheilung, 1878. The protoplasm of one cell, the one 
the protoplasm of which passes over into the other, usually contracts first.] 
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cell conjugates with two others, and takes up both their protoplasm- masses ; in these 
cases the zygospore is the product of three cells. In the Myxomycetes the swarm-cells 
(Myxo-amocbae), which are endowed with a peculiar motion, coalesce gradually in great 
numbers, and finally form large, motile, naked protoplasm-masses, the Plasmodia, which 
only at a subsequent period are transformed into a number of cells. 

In the cases hitherto considered the uniting protoplasm-masses are of equal size; 
the process of fertilisation in many Cryptogams differs from them only in the fact 
that the two protoplasm-masses which coalesce are of unequal size, and otherwise 
of different properties. In Book II. we shall treat in detail of the reproduction of 
Cryptogams; here we need only state that the male fertilising bodies (antherozoids) 
of Cryptogams are usually motile naked protoplasm-masses, that is, primordial cells; the 
female organ of these plants usually opens outwardly, and contains a primordial cell 




Y \V.. ~ S/>iri>xyra iom;ata <1 < fils in the «ut of conjugation ; at 
a the protoplasm of one tell is passing over into the other; at b this has 
already taken place , the < hlorophyll-b.ind is still partially recognisable. 
U the young zygospores surrounded |>y ,i cell-wall; the protoplasm con- 
tains numerous drops of oil ( > 550), 


I'H*. 5 —Sfiroxyra longata. Cells of two filaments in an early stage of c mijugation, showing the spirally coiled chlorophyll-bands, 
in the chlorophyll-granules of wlm h lie rings of starch grams; small drops of oil arc also distributed through them (see Sect, b) Tins 
is the condition of the chlorophyll after the action of strong sunlight ; the nuclei are also to be seen in the cells, e.u h surrounded by 
protoplasm, threads of which reach the cell-wall in different places ; .* and b are the protuberances in two different stages (X 550). 


(oosphcrc) which is fertilised by the antherozoids. In cases which have been accurately 
observed (CEdo^onium^ Vaucheria ) these coalesce with the former, and the new cell 
results from this coalescence. As with the Conjugate and some Fungi, the cell formed 
in this manner is always a reproductive cell; with it begins the growth of a new 
individual plant. 

3. Free Cell-formation.— I n the protoplasm of a cell new centres of formation 
arise, round each of which a portion of the protoplasm collects, and forms a cell. 
A portion of the protoplasm may remain and represent the protoplasm-mass of 
the mother-cell which persists for a longer or shorter time. [The new centres of 
form ition are indicated by the previous appearance of nuclei formed by the repeated 
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bipartition of the nucleus or nuclei of the cell.] Generally, the number of daughter-cells 
which arise in this manner is considerable; as an instance may be mentioned the 
formation of spores in Ascomycetes ( Peziza 1 ), (Fig. 7). The tubular mother-cells of 
the spores (asci) (<?) are at first densely filled with protoplasm, and contain only one 
small nucleus. [This divides into two, and this process is repeated until eight nuclei 
are formed :] the protoplasm becomes frothy, and roundish drops of sap make their 
appearance in it ( J > , c). The first stage in 

the formation of the spores is the conden- ^ ^ 

sation of the protoplasm in the upper part* 
of the ascus, while it remains frothy in the ^ 
lower part (e,f). In this case eight spores 
are always formed in each ascus within the 
upper dense protoplasm ; /*. e. round each of 
the eight nuclei an ellipsoidal protoplasm- 

mass collects (d ) ; each consists at first of yi ™ ^ hy\ 

coarse-grained protoplasm surrounded by a V.\ A 

clear space; a portion of fine-grained pro- V 1 /S Fm vSfa 

toplasm forms the matrix in which the rail • 13 d vfl Vi 

spores are imbedded. Afterwards each V ‘1 f Wi ■* S® Y7J0|l ^ 7 

spore becomes more sharply defined; the $ SS81; * 

dear space disappears (**); its substance I nffi imISm ? ef 

becomes more fine-grained and clearer; jif I 

and in one of its foci is formed a vacuole, ujlj r 3 gRglt jp®S 35; pSl ■ m 
/. e. a transparent drop of fluid. Finally, Oil 1; |h iff j 

each spore surrounds itself with a firm \ Era f\) 1 Iwt Ir^J ni 11 

membrane, the vacuole disappears, and in |v\\^ ft|n 1 'i ]i 

the centre is formed a large strongly rc- \ |\\l ’ll j£g Jjj j ft 

tractive oil-drop, as well as numerous ]} | ■ \\U\ TO 0 }*■<» Hi* IwJSOx 

smaller ones. 11 WM$ 1 IB , J f t Itaj 'S 5 ^ l 

An example is afforded by the forma- | j UiS\V\ Sf* ft S \ ] - fflf ISJ 7 Ufiw 

tion of the oospheres of Achlya (Fig. 8 ) Pl|jH'|LJ| j 1 f f]/i]Pf|| ; j/j 

of a somewhat different mode of free cell- V‘ Jlil 1 H, i K 

formation. The protoplasm collects at the \ nwiilM/lllVIl wJ 

end of a hypha or of a branch of one; the |)J I rlJ/lm B I If flllr-Jl / 

larger end itself swells up into a globular vS Y dt til M 1 1 11 ^1 ilUJvl it/ II If J! 

form (A, JBj, and, after the formation of a ipvOu ) // 

septum (C), becomes an independent cell 
(the oogonium). [Numerous small nuclei 
are present in the protoplasm (as in C). 

The nuclei multiply by bipartition.] The ) 

whole protoplasm breaks up into two, ft 

three, four, or more parts, which very fig 7 w 

quickly round themselves off into a per- p»“« (x about ») ; a hymr winch tiu 

ft J . r - - - — loping the 

fectly Spherical form; [in each of these hymenlum at Its wlifr <r in a cup-Ukc nwnnei he base of 

, , . •/* 1 ....... Uic tissue S are delicate ihuoids, which o between the 

several nuclei are uniformly distributed.] particles of earth. a* smallei portion of the 1 nun (x S^o) ; 
The parts thus formed (r, r in D) contract ZZltSTZ .... 

greatly during their separation, and their m wh,ch hc rcd *fMnui«». 
protoplasm becomes denser by expulsion 

of water; after they have become fertilised by the anthcridial tubes (a, b in i)), 
they become invested with a cell-wall, [and the nuclei in each coalesce to constitute 
the nucleus of the oospore]. 


FIG 7 — /* 

plant (X about 20 ) ; h hymr 

hymenium at Its edtfe q in a cup-likc inannei 
the tissue S are delicate ihuoids. which h 
particles of earth, /fa snullei portion of the 1 
sh sub-hymemal layer of densely interwo 
(hypha*); a—f a sei; anion# them thinner sac. 
m which lie red granules. 


which tht 
loping the 
he base of 
between the 
nun ( x sv>); 
ell-filaiueuis 


1 [Strasburger, Zcllbildung und Zelltheilung, 1880; Schmitz, Sit/ber. d. niederrhein. Ges. zu 
Bonn, 1879.J 
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This form of free cell -formation is distinguished from the preceding by the circum- 
stance that the whole protoplasm (and not a part only) collects round several centies. 
If the whole protoplasm, in its contraction, were to form only one mass, which some- 
times happens, the case would be analogous to Rejuvenescence. 

There occurs also in Achlya a variation of this process, tfhen it forms its swarm-cells 
or zoogonidia (Fig. 9 ). The protoplasm in the club-shaped swollen end of a hypha 
[contains a number of small nuclei which multiply by bipartitfon] ; it breaks up 
into a large number of small portions (A), [each including a nucleus,] which become 
completely rounded off (a) after their escape from the cell in which they are produced 



Fit;. 8.— Oogonia and antlieridia of Achiva ii^uuoia, growing on 
wood in water ; the «.ourse of development is indicated by the letters A — /•', 
a the antheridiuui, f> its tube penetrating into the oogomutn (x 55c). 



(X 550) A one still <loscd, /? ■ 
the zongomdia to escape ; b 
'atcrnl shoot c; a the zoogonidia just es- 
caped ; f> the abandoned membranes of the 
zoogonidia which have already swarmed ; 
r swarming zoogoimlia. 


(JB), and then clothe themselves with a delicate membrane, which they abandon ( b ) 
when their movement commences (e). 

4. Formation of Reproductive Cells by Division of the Mother-Cell. — In 
the protoplasm of a cell new nuclei are formed by division; round each of these a 
portion of the protoplasm collects and becomes rounded off with a greater or less 
amount of contraction, in order to form a new cell ; in this manner the entire proto- 
plasm of the mother-cell is completely used up ; its cell-wall alone remains, if it possess 
one, which is not always the case. 

The formation of the spores of Mosses and Vascular Cryptogams, and of the pollen- 
grains of Phanerogams, always takes place by the division of the mother-cell into four 
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parts, either at once or by a repeated bipartition. In the special details of cell-division, 
however, some deviations occur. 

[The fir»t stage is, in all cases, the division of the nucleus of the mother-cell into 
two. This may be at once followed by the simultaneous formation of a cell-wall in 
the plane of the cell-plate (see i/fra, The Behaviour of the Nucleus during Division), 
as in the development of the pollen-grains of most Monocotyledons, and of the micro- 
spores of Isoetes ; a repetition of these processes in each of the two daughter-cells leads 
to the formation of the four pollen-grains or spores. More commonly the cell-plate 
between the two nuclei undergoes absorption ; the two nuclei then divide, and the 
missing cell-plates are reconstituted ; cellulose walls are now simultaneously formed in 
the cell-plates so as to divide the protoplasm into four parts, each containing a nucleus, 
which constitute the spores or the pollen-grains. 

The division of the two secondary nuclei takes place in certain cases (pollen-grains 
of most Monocotyledons) in one plane, and this plane is at right angles to that of the 
division of the nucleus of the mother-cell. As the result of this, the four spores or 
pollen-grains formed lie in one plane and have a rounded form ; they are said to be 
bilateral. In other cases (pollen-grains of Dicotyledons, spores of Equisetum) the division 
of each secondary nucleus takes place in a plane which is at right angles to that of the 
other and to that of the nucleus of the mother-cell ; as a consequence the four spores 
or pollen-grains do not lie in one plane but are arranged tetrahedrally, and have more- 
over a somewhat tetrahedral form ; they are said to be radial. In some plants the 
spores or pollen-grains are formed sometimes in one way and sometimes in the other, 
and are therefore either bilateral or radial. This is the case, for instance, in Liverworts 
and Mosses: amongst Ferns, whereas in the Hymenophyllaceae and Cyathcaceae only 
radial spores have as yet been observed, radial spores have been found in some and 
bilateral spores in others of the genera of Polypodiacese, and this is probably also the 
case in the Schizaeacea: and Gleiclieniaceac : in the Marattiaceae and in Ophioglossum 
radial and bilateral spores may be produced in the same sporangium : this last condition 
also obtains in Psilotum and in Lycopodium Selago and inundatum : finally, these two 
modes of the development of the pollen -grains have been observed by Strasburger in 
Allium Moly among Monocotyledons. 

In the following paragraphs a detailed account is given of the course of development 
in certain cases illustrating the two modes above-mentioned. 

a. No cell-wall is produced until after four nuclei have been formed by division ; the 
resulting cells are arranged tetrahedrally .] 

Development of the spores of Equisetum. At first the mother-cells swim in the fluid 
which fills the cavity of the sporangium, in groups of two or four together (Fig. 10, 
a , b). Each mother-cell consists at first of a large spherical nucleus (including nu- 
cleoli), surrounded by fine-grained protoplasm, with a sharply-defined outline, but is 
without a cell-wall 1 . [The first indication of division is the coalescence of the granules 
in the nucleus to form fibrillae; it becomes elongated in form, assuming a spindle-shape. 
An aggregation of coarse granules notv makes its appearance in the equatorial plane 
of the spindle, constituting the nuclear disc : this splits into two discoid halves, and 
each half then travels to one pole of the nucleus and there forms a new nucleus. 
A fresh aggregation of granules now appears in the equatorial plane of the spindle, 
constituting the cell-plate ; this extends quite across the protoplasm of the cell. The 
fibrillae connecting the two new nuclei with the cell-plate now disappear, and then the 
cell-plate also. During this time the two nuclei have begun to divide in the same way 
as the primary nucleus, in planes at right angles fp each other and to that of the 
division of the primary nucleus. Six cell-plates are now formed between the four 
nuclei, and become connected with them by the formation of fibrilla;. In the cell- 
plates cellulose walls are now formed and the division is complete. The protoplasm 
of each of the young spores rounds itself off, and its nucleus assumes a central position 

1 [According to Strasburger {loc. cit .) a delicate cell-wall is present.] 
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and a rounded form. The next step is the absorption of the cellulose walls and the 
s.tting free of the young spores as primordial cells, which soon become clothed with 
a cell-wall. This cell-wall subsequently becomes differentiated in a manner which is 
described in detail on page 403. 

In other cases the wall of the mother-cell presents ingrowths at points correspond- 
ing to the lines along which the cellulose walls are formed, and this conveys the erroneous 
impression that the wall of the mother-cell grows inwards constricting the protoplasm 
and ultimately dividing it into four parts. A good example of this case is afforded by 
the development of the pollen-grains of Dicotyledons. Fig. 11, taken from Tropmlum 
minus , will serve to illustrate it. In a four nuclei are present, which have been formed 
in the manner described above with reference to Equisetum : they are connected by 



J 4 ic;. jo — Mule ol ilevolr.pmrnt of tlu* spines of Fqnisetum Itmosum (/ 550); a group of four, /'group of two inother*cclls ; 
c and <f mother.! ells prejMimg tor division, showing the nuclear disc ; e one with two nuclei \f,g, and 1 division into four spores; 
es from one mother c ell. 


librillae, and six cell- plates are present in the equatorial planes of the groups of fibrillae 
which connect the nuclei. The wall of the mother-cell is thickened, especially at two 
parts of its surface, but it presents no ingrowths ; but now (b) ingrowths begin to be 
formed at points which correspond to the superficial ends of the six cell-plates {fg,b t k). 
Their growth does not, however, proceed so as to cause the constriction gf the proto- 
plasm into four masses : it is soon arrested ; the cell-walls are formed simultaneously 
in the six cdl-platcs and are attached externally to the ingrowths of the cell-wall of 
the mother-cell. Later each mass of protoplasm forms a new proper wall around 
itself, which is the wall of the pollen-grain ; the thick cell-walls surrounding them are 
absorbed, and the four pollen-grains are set free. (See also p. 55 r.) 

b, A cell-avail is formed after each nuclear division ; the resulting cells may be arranged 
either tetrahedrally or in one plane. 

This mode of cell-division closely resembles that which takes place in a growing 
tissue. It may be very clearly observed in the formation of the pollen-grains of most 
Monocotyledons. Fig. 12 shows the process in Funkitt ovata. In / two nuclei are 
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present which have been formed by the division of the nucleus of the mother-cell. 
The next stage is that represented in J7, where a lamella of cellulose, which has been 
formed in the cell-plhte between the two nuclei, completely divides the mother-cell. 
Thickening takes place at the junction of this partition- wall with the wall of the 
mother-cell, and the protoplasm of the two daughter-cells becomes rounded off. In 
IV the nucleus of each daughter-cell is seen to have divided into two; sometimes this 
division does not take place in one of the cells (V). A cell- wall is now formed simul- 
taneously between each pair of nuclei : a proper cell-wall is subsequently formed round 
each mass of protoplasm, the thick investing cell-walls undergo absorption, and the 
pollen-grains are set free.] 

T he four cavities into which the mother-cell is divided in the development of spores 
and pollen-grains were at one time desig- 


nated the ‘ Special mother-cells* of the 
pollen-grains, in which the grains them- 
selves were formed. The term is however 
inaccurate, because the four protoplasm- 
masses are themselves the essential parts 
of the new cells, becoming subsequently 
enclosed in cell- walls. If the contents of 
the cavities are termed special mother- 
cells, they are identical with the daughter- 
cells, i.e. the pollen-grains; if, on the other 
hand, the term is applied to the walls of 
the cavities, this is not in accordance with 
the present cell-theory. The term is in 
fact altogether superfluous. 

c. Cell-formation by Budding and li- 
st rict ion. Among Fungi certain kinds of 
reproductive cells, conidia, stylospores, and 
basidiospores, are produced by small wart- 
like protuberances on a mother-cell, which 
then swell out and become rounded. The 
daughter-cell thus formed retains however 
at first its connection with the mother- 
cell at its base, the contents of the two 
being connected by a channel through this 
narrow portion. A septum is eventually 
formed across this channel which splits 
into two lamellae, and in this manner the 



T IC. i if.--/— V'H Successive stages in the formation of the 
I'Ollen of Funkia ova fa (x 550). In /'// the wall of the 
daughter-cell has absorbed water till it has burst , 
plasm is forcing itself through the cleft, and is 


separation of the spore from its inother- 


cell is effected. The production of these spores therefore commences by a budding and 
is completed by division; and the whole process may be termed Akstriction . It 
occurs in a typical form in the reproduction of the yeast-fungus ( Saccbaromyces ). 
A wart- like out-growth from which several spores may be abstricted one after another 
is called a Sterigma; when the mother* cell bears several sterigmata, as in the Basi- 
diomycetes, it is termed a Basidium . Intermediate processes between cell-formation 


by abstriction and ordinary cell-division occur when the protuberance is broad, and 
the daughter-cell therefore attached to the mother-cell by a broad base and separated 
from it by a broad septum, as in the branching of fdadopbora ; or, on the other hand, 
whei\ the terminal portion of a hypha is divided by septa, and the resulting cells 
become rounded off and detached, as in the formation of the spores of Cystopus , 
jEctdium , and other Fungi. [When the budding cell contains a single nucleus this 


probably divides, and one of the new nuclei goes to the bud ; when the ceil contains 


several nuclei some of these travel into the bud.] 
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B. Cell-formation in Growing Organs: Vegetative Cell-formation. 

This mode of cell-formation consists almost invariably in the t>ipartition of a mother- 
cell ; there is no or scarcely any perceptible rounding off or contraction of the dividing 
protoplasm ; the two daughter-cells entirely occupy the ptece of the mother-cell. 

i. The partition-wall is formed gradually* The protoplasm of the mother-cell projects 
in the plane of division as a circular protuberance, and a ridge of cellulose is formed 
in it which finally developes into a complete septum, 

A clear and well-studied example 
A is afforded in the stouter species of 

the genus Spirogyra \ In order to 
observe the divisions, it is necessary 
A to place filaments that are in active 
growth in very dilute alcohol after 
midnight, that they may be exam- 
ined by day, the divisions taking 
place only by night. Fig. 13 A 
shows a living cell of a filament of 
| ** S. longata by day ; B to E the stages 
of division at night ; the protoplasm 
of the cells is contracted by the 
alcohol. 

, P he phenomena of division fall 

--- ===== ; . „■ == — r- ^ into two groups, namely those which 

I attend the division of the nucleus, 

and those which are connected with 
the ingrowth of the partition- wall. 
The nucleus of a cell which is about 
to divide becomes broader, assum- 
— s ~ 7“ ing the form of a biconcave lens, 

^ ~ , 'vlk / and * ts nuc l e °l us breaks up into 

SB ^ DjL irregular granules, which, together 
1 1 jSIfel > l!l\ with its other granular contents, 

begin to form a nuclear disc in the 

— = equatorial plane. A delicate stria- 

mo n.~vir, 1 «Trr io» K ata (x 55^)- a ccii in the living state ; tion is now apparent in what is 

portion of cells in the act of division. becoming the long axis of the nu- 

cleus, at right angles to the nuclear 
disc, and a characteristic nuclear spindle is gradually produced. The nuclear disc splits 
into two halves lying side by side, each of which travels to the corresponding pole of 
the nucleus ; thus two new nuclei are constituted which are connected by fibrillac. 

The first indication of the formation of the partition-wall is the accumulation of 
protoplasm at about the middle of the length of the cell, so as to form a slight annular 
protuberance into the sap-cavity: this takes place about the same time as the first 
changes in the nucleus. Within this protuberance a rim of cellulose is formed which 
grows inwards, carrying before it the spiral chlorophyll-band (Fig. 13, B and C) ; 
soon the chlorophyll-band is cut through, and margins of the ring of protoplasm 
coalesce in the middle so as to form a plate, to which the fibrillae connecting the two 
nuclei, which have been formed in the meantime, become attached; in this plate the 
remainder of the cellulose wall is formed. The nucleus of each cell now tuavels to 


1 This case was the first of all the processes of cell-formation that was accurately examined : 
H. von Mohl first described it in 1835 * n Conferva glomerata. Mohl, Vermischte Schriften hot. 
Inhalts, Tubingen 1845 : [Strasburger, Zellbildung und Zelltheilung, 1880.] 
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its centre, and the protoplasm surrounding it throws out pseudopodia which attach 
themselves to the chlorophyll-granules in the green band and suspend the nucleus in 
the sap-cavity.] 



Fit.. 14.— Formation of the antherWlium of Nitella Jlextltx (see IJook II). In ft the protoplasm has been 
made to contract by reagents. 


2. The partition-wall is formed all at once; that is, when first visible it appears as 
a thin membrane of cellulose stretching across the whole interior of the mother-cell ; 
the protoplasm-masses of the two daughter-cells lie in the two cavities of the mother- 



FfO. i5.~Embryofi in the embryo-sac of Allium Ce/n ; the cells contain very large nuclei, each with two nucleoli. In 
/ the spherical apical cell contains two nuclei (a ) ; in II it has already divided {a has split up into u' and u") ; and in the 
same manner the cell c (in /) has split up iuto c and c'. 


cell thus produced. This mode of cell-division is usual and perhaps even universal in 
the formation of tissues, especially in the case of more highly organised plants. 

[The nucleus divides, and between the two new nuclei a cell-plate is formed in 
which the cellulose wall is simultaneously produced.] (See Figs. 14 and 15.) 

[The Behaviour of the Nucleus during Division . The general rule is that the division 
of a cell is preceded by that of its nucleus, but to this there are certain exceptions. 
Strasburger has found that, in the mother-cells of the spores of Anthoceros and of the 
macrospores of Isoetes, the protoplasm divides into fotfr parts before the nucleus shows 
any signs of division, and that in rare instances cells of Spirogyra had divided without any 
division of the nucleus having taken place. 

In the process of division into two the nucleus usually goes through a series of 
.Changes which are designated by the term Karyokinesis : but in order that the descrip- 
tion of the more complicated forms of karyokinesis may be intelligible, some account 
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must be given of the structure of the nucleus in a state of rest 1 . The nucleus consists 
of a ground-substance which is homogenous, but sometimes presents, after careful pre- 
paration and staining, a finely punctuated appearance : it is denser towards the periphery, 
and thus constitutes a sort of membrane which gives to the nucleus its sharply-defined 
contour. In the ground-substance a more solid substance is present either in the form 
of granules, the larger of which are the nucleoli , or in the form of fibrillae united into 
a network, the points of junction of the fibrillae, the nodes , being somewhat thickened. 
Since, when the tissue is carefully stained with certain colouring-matters, the granules 
or the network become coloured more readily than the ground-substance of the nucleus, 
Flemming has designated the former chromatin and the latter acbromatin. 

When nuclear division is about to take place the nucleus presents a coarsely 
granular appearance ; the granules then coalesce to form convoluted threads, and these, 
together with the fibrillae of the nuclear network which have become free, arrange 
themselves parallel to the long axis of the now elongated nucleus. At this time the 
nucleus has usually lost (Strasburger mentions Spirogyra nitida and the mother-cells of 
the spores of Equisetum as exceptions) its well-defined contour: it has assumed a 
spindle-shape, and an aggregation of protoplasm has been formed at each pole, in which 
a radial arrangement of the granules, with the pole as a centre, is usually evident. The 
fibrillae of chromatin now contract so as to form a disc of greater or less thickness 
(equatorial plate of Flemming, nuclear disc of Strasburger) in the equatorial plane of the 
spindle, and faint striae can now be detected between the nuclear disc and each pole, 
some of which apparently pass through the disc from one pole to the other. The 
nuclear disc now splits into two halves lyiftg side by side, and each half travels to the 
corresponding pole along the fibrillae which cause the striation of the spindle, and each 
then constitutes a new nucleus at the pole. The few fibrillae which now connect the 
two nuclei are augmented by the formation of new ones, and the whole complex of 
fibrillae assumes the form of a biconvex lens and extends across the cell. A row of 
granules now makes its appearance in the equatorial plane of the fibrillae consisting, 
according to Strasburger, of starch or of a substance allied to starch and cellulose 2 ; 
this is the cell-plait ■, and in this the cell-wall is simultaneously formed. If the complex 
of fibrillae does not extend across the cell, so as to be in contact with both its lateral walls, 
the new wall is formed in contact with one lateral wall, and the complex gradually grows 
towards the other wall by the formation of new fibrillae in which additions to the new cell- 
wall are deposited. The new wall is clothed on each side with a layer of protoplasm, the 
nucleus assumes its normal position in the cells, and the process of division is complete. 

The above description applies to the most complicated form of karyokincsis, as it 
occurs in relation to the development of the reproductive cells and to the reproductive 
processes of the higher plants. In the cell-division of the vegetative organs of these 
plants the process is usually simpler ; thus, according to Schmitz, in the meristematic 
cells of Phanerogams the nucleus becomes elongated, the ends being swollen and the 
middle connecting part remaining narrow and presenting a longitudinal striation ; the 
swollen ends become defined as new nuclei, and a cell-plate appears in the narrow 
portion in which the cell-wall is soon formed ; the narrow portion gradually loses its 
striated appearance and assumes the appearance of the cell-protoplasm. In the cell- 
division of Spirogyra , as we have already seen, no cell-plate is formed. Strasburger 
draws attention to the fact that in those Thallophytes (excluding the Characeae) in which 
karyokinesis has been observed, the cell-plate is not formed, as in the higher plants, in a 
complex of fibrillae which connect the two new nuclei, but in a bridge of protoplasm 
which connects the two nuclei and extends across the cell in the plane of division.] 

1 [This account is taken from the above-quoted work of Strasburger, and from those of Schmitz 
(Sitzber. d. niederrhein. Ges. in Bonn, 1880) and Flemming (Arch. f. micr. Anat. vol. 18) ] 

2 [According to Schmitz (lac. cit .) the granules in question are microsomaia t i.e. constituent 
elements of the protoplasm.] 
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Sect. 4. The Cell- Wall \ — The substance of the cell-wall is secreted from 
the protoplasm. In what form it is previously contained in the protoplasm is not 
yet certainly known. The substance capable of forming cell-wall always consists 
of a combination of water, cellulose, and incombustible materials (ash-constituents), 
but may afterwards undergo further chemical changes. 

By the continual secretion from the protoplasm of the substance out of which 
the cell-wall is formed, and its intercalation between the micellae (see Bk. III. 
Sect. 1) of the cell-wall already in existence, this grows in both surface and thickness. 
The mode of both processes of growth is dependent on the specific nature of the 
cell, and on the function which it has to fulfil in the life of the plant; it therefore 
varies almost infinitely. Generally the surface-growth first preponderates, afterwards 
that in thickness. Neither the one nor the other is uniform over all points of a 
cell-wall ; hence each cell during its growth also changes its form. The growth of 
a cell-wall continues only so long as it is in immediate contact on its inner side 
with protoplasm. 

The want of uniformity in the surface-growth at different points causes cells 
which are at first, for example, spherical, ovoid, or polyhedral, to become subse- 
quently cylindrical, conical, tubular, tabular, bounded by waved surfaces, &c. 
The want of uniformity in the growth in thickness usually brings about a sculpture 
of the surface which is very characteristic. The thickened parts may project either 
outwardly or inwardly. The former occurs commonly in the surface of the cell-wall 
which is exposed, the latter in the partition-walls of adjoining cells. The thickenings 
which project outwards may take the form of knots, humps, spines, or ridges ; but 
those which project on the inside are much more various. In this case conical 
protuberances occur but seldom ; annular ridges or spiral bands are much more 
common ; these latter may be united in a reticulate manner, so that the 
thin interstices are polygonal; or the thickened part of the wall may be broader, 
and the thin parts then appear in the thick wall as fissures or roundish pits. If 
the wall is very thick, the latter become channels, which pass entirely or partially 
through the wall. Not unfrequently the thin portion of the wall which at first 
closes such a channel on the outside becomes absorbed, and the cell-wall is then 
perforated. But as, when contiguous cells are united into a tissue, the partition- 
wall usually becomes thickened in the same manner on both sides, the pits and 
pit-canals on the two sides meet, and the intermediate thin portion of membrane 
(sooner or later) becomes absorbed ; a channel thus arises uniting two cell-cavities 
(Bordered Pits, perforated septa of vessels). 

During the increase of the wall both in surface and thickness by the inter- 
calation of new substance between the micellae already in existence, a further 
internal structure usually becomes visible, which is termed Stratification and Stria - 
lion. Both are the result of a different regularly alternating distribution of water 
and solid material in the cell-wall ; at every point water is combined with cellulose, 


1 H. von Mohl, Vermischte Schriften bot. Inhalts, Tubingen 1845 (numerous memoirs). — 
Schacht, Lehrbuch der Anat. und Phys. der Gew&chse, 1 856. — Nageli, Sitiungsberichte der Munch. 
Akademie, 1864, May and July. — Hofmeister, Die Lehre von der Pflanzenzelle, Leipzig 1867. 
Also numerous memoirs in the Botanische Zeitung. 

C 2 
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but in different proportions ; portions less and more watery, denser and less dense, 
alternate. Thus, in every cell-wall sufficiently thick, a system of concentric layers 
becomes visible, of which the outermost and innermost are always denser, while 
between them alternate more and less watery layers. The stratification is visible 
on the transverse and longitudinal sections of the cell-wall, the striation on the 
surface as well ; it is usually most evident there, but is in general less easily seen 
than the stratification; it depends on the presence of alternately more and less dense 
layers in the cell- wall, meeting its surface at an angle. Generally two such systems 
of layers may be recognised mutually intersecting one another. There are thus 
altogether three systems of layers present in a cell-wall, one concentric with the 
surface, and two vertical or oblique to it mutually intersecting, like the cleavage- 
planes of a crystal splitting in three directions (Niigeli) ; and just as this cleavage 
is sometimes more evident in one direction, sometimes in another, so is it also with 
the stratification and striation. 

Independently of this internal structure, chemical changes arise in the cell-wall 
which never affect the whole mass uniformly, but usually mark out the thickened 



b'lr,. ift — I*min tin* t»ans\c»so w tiu» of .1 leaf of Camrlha japotuea ; /’pfircm lijnwrtoiis rells, with chlorophyll* 
granule's anti drops of ml : / .1 very thin fihro-v.1scul.1r bundle; ?* ;t large', branched, thick-walled cell, which 
intrudes its lnauches between the patenchyin.Uuus cells. 

cell-wall into concentric layers differing from one another chemically and phy- 
sically. These chemical changes, which are always attended by an alteration of 
physical properties, are very various, but can conveniently be reduced to three 
categories ; — Subcrous or Cu/icular change , Ligneous change, and Mucilaginous 
change . The first consists in the change of the outer layers of the cell-wall into 
an extensible very elastic substance, which water is unable, or nearly so, to penetrate 
or cause to swell, as the outer cell-wall layer of the epidermis (cuticle) and of 
pollen-grains and spores, and cork. Lignification increases the hardness of the 
cell-wall, diminishes its extensibility, and renders it more easily permeable to water 
without considerable swelling. The conversion into mucilage renders the cell-wall 
capable of absorbing great quantities of water, so as to increase its volume and 
give it a gelatinous consistence. In the dry state such cell-walls are hard, brittle, 
or flexible like horn, as the cell-walls of many Algae, the so-called ‘intercellular 
substance' of the endosperm of Ccratonia Siiiqua , linseed, and quince-mucilage. 
Several of these changes may occur simultaneously in a cell-wall, so that, for 
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instance, the outer layers become woody and the inner mucilaginous, as in the 
wood-cells of the root of Phaseolus . 

Besides these changes in the substance of the cell- wall, which are not unfrc- 
quently correlated with peculiar colourings, changes in its chemico-physical behaviour 
also arise from the interposition between its micellae of considerable quantities 
of incombustible substances, especially lime and silica. If the deposition of these 
substances take place in sufficient quantities, they remain behind, after the combus- 
tion of the organic groundwork of the cell-wall, as an ash-skeleton. 

(a) The Surface-growth causes not only an increase in the size of the cell, but also 
changes in its form, when it takes place irregularly at different points of the circum- 
ference. Hence cells of originally dissimilar form may become similar by unequal 
growth ; but it is much more common for cells originally alike in form to become 
entirely unlike. * This is most usually the case in multicellular organs of the higher 
plants, such as leaves, stems, and roots; in their earliest state their cells are often 
scarcely distinguishable from one another ; whereas in the completely developed organ 
the most various forms are juxtaposed (Fig. 16). It is only rarely, as in the growth of 
some spores and pollen-grains, that the surface-growth is so uniform that the original 
form is nearly retained even after considerable increase in size (e.g. pollen of 
Cucurbita and Althcea). But even in these cases the uniformity is only temporary; 
for the pollen-grains subsequently emit their pollen-tubes, or the spores germinate, in 
both cases by the local growth of the inner layer of the cell-wall. This also shows 
at the same time that the surface-growth of a cell-wall may be very different at 
different times; and this indeed is usually the case. From the infinite variety of the 
surface-growth of cell-walls, it is convenient, for the sake of arrangement, to reduce 
the different cases to classes, and to bestow names upon them 1 . Thus it is usual to 
distinguish between intercalary and apical growth of the cell-wall. Apical growth takes 
place when the surface-growth attains a maximum at any one spot (by interposition 
of new micella; of cellulose), while its intensity decreases in all directions from it, 
and at a definite distance reaches a minimum, so that this portion of the cell-wall 
projects as a point, or appears as the rounded apex of an excrescence or of a cylindrical 
tube, as in hairs or filamentous Algae. If several points of apical growth occur in a cell 
which was originally round, it may become star-shaped ; if new points of growth are 
formed behind the continuously growing end of a tubular cell, it branches, as in many 
filamentous Algae, hyphae of Fungi, Vaucheria , Bryopsis . Hofmeister 2 distinguishes as 
a peculiar form of apical growth the case in which the maximum of growth is localised 
in a line instead of at a point ; this may occur as the line of intersection of two curved 
surfaces. Intercalary growth of the cell- wall occurs in a typical form when the de- 
position of new substance is localised in a zone of the cell-wall; this zone extends, 
and a fresh piece of cell-wall is by degrees intercalated between the old ones. Very 
similar to this is the common occurrence of growth in the whole of the side- wall of 
a cubical, tabular, or cylindrical cell, as, for example, in the cells of Spirogyra, and the 
parenchymatous cells of growing roots and stems of Phanerogams (see Fig. i). C Edo- 
gonium presents a peculiar case of intercalary surface-growth (Fig. 17). Below a 
septum an annular deposit of cellulose (A,w) is formed; at this place the cell-wall 
splits, as if by a circular cut, into two pieces, and these separate from one another, 
but remain united by a zone of cell-wall (B, w) formed by the extension of the 
annulus w . After the intercalation of this new zone, cell-division folloM's ; and, since 

1 A good classification of the processes of growth is. of course, still more important for the 
study of the mechanics of growth ; but little has, however, yet been dune in this diieetion, and we 
can only give a brief abstract. 

u Handbuch der physiol. Botanik, vol. I. p. 162. 
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this is repeated many times, the appearance is presented which is figured at A t 'c (the 
formation of a so-called cap 1 ). 

(b) The Growth in Thickness of a Cell-wall is usually strictly localised, so that the 
thicker parts appear as very abrupt projections on the thinner parts of the cell-wall, 
either outside or inside. The general effect produced by the sculpture depends on 
whether the thick or thin portions occupy the greater extent of surface. If the thicken- 
ing is strongest at certain points only, it takes the form of knobs or spines projecting 
outwardly (Fig. 19) or inwardly (Fig. i8, C, D); if it occurs most strongly in linear 
or ribbon-shaped portions of the cell- wall, projecting ridges or bands are formed 
on the inner or outer side. These ridge-like projections may form reticulate figures 
(Fig. 18, B , Fig. 20, /), or rings, or spiral bands, an appearance especially frequent in 
certain thickened tissue-cells. If the rings or spiral bands 
which project inwards are thick and firm, and the inter- 
mediate portions of cell -wall thin and easily destructible, 
these thickenings may become detached even within the 
plant, and remain lying as isolated threads of cellulose in 
channels of the tissue, as in the annular vessels in the fibro- 
vascular bundles of Equisetaceae, Maize, &c. ; but the spiral 
thickenings may often also be drawn out to a considerable 
length as isolated fibres. Very striking examples are found 
in the rachis of the inflorescence of Ricinus communis and 
in the leaves of Agapanthus . If the thickening affects the 
whole surface of the cell-wall more completely, the small 
portions which remain thin will appear as Pits of very 
various outline, either roundish or fissure-like, or, when 
the thickening of the cell-wall is very considerable, as 
Canals , which perforate them. Thickenings of this kind 
most frequently affect the inner side of the cell-wall ; the 
canals therefore run from the cavity of the cell outwards, 
and are there closed by a thin membrane 2 . When the 
cell loses its protoplasm and dies, this membrane is in 
many cases destroyed, and the pit or the canal then be- 
comes open, as, for instance, in Sphagnum and in many 
wood-cells. The pits, especially in elongated cells, are 
generally arranged in spiral rows ; but in other cases they 
are peculiarly grouped (Fig. 2r, A), A remarkably striking 
form is the Sieve-like or Lattice-like marking which occurs 
in the Sieve-tubes of fibro-vascular bundles, generally in the 
septa, but also in the side-walls. In the simplest case the 
thin spots (pits) are densely crowded, only separated by 
thicker ridges, and polygonal in shape; they very often 
appear as sharply circumscribed groups of numerous dots. 
In many cases the thin parts of such an area become absorbed, and the protoplasmic 
contents of adjoining cells enter into communication through these narrow channels. 
Sometimes the structure of these Sieve-plates (e .g. in Cucurbita Pepo) becomes, when 
old, very peculiar and complicated, from further thickening and swelling of the thickened 
portions 3 . 

1 For further details of these somewhat complicated processes see Pringsheim, Jahrbuch fur 
wissen. Bot. vol. I; Ilofmeister, Handbuch der phys. Bot. vol. I. p. 154; and Nagcli und Schwen- 
dener. Das Mikroskop, vol. II. p. 549. 

2 Sometimes strongly thickened cell-walls with branched pit-canals have a very complicated 
structure, e.g. in the hard testa of Bertholletia. (See Millardet in Ann. des Sciences Nat., fifth series, 
vol. VI.) 

3 Compare Nageli, Ueber die Siebrohren von Cucurbita , in the Sitzungsberichte der k. bayerischen 



Fttji. 17.— Intercalary surface-growth 
(JSdo£onium, 
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One form of internal thickening which is extremely common in wood-cells and 
vessels, viz. the formation of Bordered Pits l , deserves a fuller exposition. 

The formation of Bordered Pits takes place as follows. When the cell-wall begins 
to thicken, comparatively large spaces remain thin (Fig. 23, /; Fig. 24, B t t ); but, as 
the thickening augments, it reaches even the thin spaces of the wall (Fig. 23, a-e ; Fig. 
24, G-F). The outline of the thin spaces of the wall in the wood of Pints* sylvestris 
appears circular on a front view ; the edge of the thickening-mass which arches over 
it grows also in a circular manner, and gradually contracts the opening ; thus the front 
view of such a pit shows two concentric circles, the larger of which corresponds to the 
original thin space (Fig. 23, /), and the smaller to the inner edge of the thickening 



Fit*. 18. — Cell-forms of Marchantia polymor- 
ph* with thickenings projecting Inwards; A half 
of an elater from the ■sporogonium, with two spiral 
bands ; A f a portion more strongly magnified ; 
B a parenchymatous cell from the centre of the 
thallus, with reticulate thickenings projecting 
Inwards; C a slender rhizoid with thickenings 
projecting Inwards, arranged on a spiral con- 
striction of the cell-wall ; D a thicker rhizuid, 
with thicker branched projections, and tire spiral 
arrangement still clearer. 




FIG. 19 .—B a young pollen-grain of Futtkta 
ovata ; the knob-llke thickenings projecting out- 
wards are still small ; in the older pollen-grain C 
they are larger ; they are arranged la lines united 
into a net-work. 



Fig. 90 .— Ripe pollen-grain of C ichor turn 
Intybus ; the almost spherical substance of the 
cell-wall is furnished with ridge-like thickenings 
united into a net-work; each of these bears 
thickenings which project still more, in the fora* 
of spines arranged like a comb. 


Fig. 18 Ai>.— Piece of an annular vessel from the fibro-vascular humlle of the stem of Maize (X 550). 
h h the thin cell-wall of the vessel, on which the boundary lines of the adjoining cells arc clearly 
seen ; r r the annular thickenings of the wall of the vessel ; y the Inner substance of one of the rings 
laid open ; * the denser layer which extends over the inner side of the ring projecting into the cavity of 
the cell. 


(Fig. 23, a-e\ Fig. 24, C, D). Now since this process takes place on both sides of 
a partition- wall of two cells, a lenticular space is enclosed by the two overarchings, 
divided in the middle by tke original thin cell-wall (Fig. 24, F, <u>), each half of this 
pit-cavity communicating with the cell-cavity by a circular opening. When the wood- 

Akad, der Wissenschaften, Munchen 1861. On the actual perforation of sieve-plates sec Sachs 
in Flora, 1863, p. 68, and Hanstein, Die Milchsaftgefasse, Berlin 1864, p. 23 et seq. 

1 The development of these was first accurately recognised by Schacht, De maculis in plantarum 
vasis, &c., Bonn i860. 
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cells lose their protoplasm and become filled with air and water, the thin cell-wall dis- 
appears (as in Fig. 24, E ), and the two pits form a single cavity, which is bounded 
the over-arching thickening-masses, and is united with the adjoining cell-cavities 
by a circular opening (Fig. 24, A> jD, E). In Finns sylvestris the pits are large and 
distant from one another, and the whole process may be easily traced step by step. 

The process appears somewhat different when pits lie very near to one another, 
as in Pitted Vessels . In this case the thickening first appears in the form of a net-work, 
of which the thin parts of the cell-wall occupy the polygonal meshes, as may be very 
easily seen in young Maize-roots, for instance. Fig. 25, A, represents a portion of the 
side-wall of an already mature vessel 1 of the root-tuber of the Dahlia. The ridges 
which first appear on the cell-wall are indicated at a , and are left white ; they enclose 
elliptical spaces pointed at both ends. As the thickening continues, the free edge of 
each ridge, as it grows further inwards, spreads, and becomes arched over the thin parts 
of the cell-wall. In this case, however, the overarchings do not grow uniformly, but 
in such a manner that their edges form at length a narrow fissure (r, in A and B). 



Fir., ai .—A a parenchymatous cell from the cotyledon of Phastoius multiftorus 
isolated by maceration; % i the parts of tl»t* tell-wajl where it is bounded by inter- 
cellular spaces; 1 1 cell-wall furnished with numerous simple pits, but not greatly 
thickened ; the thinnest parts of the pits are figured dark. B epidermis \r) and 
collcmJiyma (cl) of the leaf-stalk of «» Brqfnia ; the epidermal cells are thickened 
uniformly on the outer wall, but where they adjoin the collencbynia only at the 
angles where three cells meet; these thickenings have great capacity for swelling ; 
chi chlorophyll-granules ; p parenchymatous cell (x 550), 



Fir. w — llypodcrmal cell of 
the underground stem of Ptrrts 
aquilma. Isolated by boiling with 
potassium chlorate and nitric acid ; 
it Is more strongly thickened on the 
left side; the unthickened spaces 
appear as branched canals (x 550). 


Here also, when two similar cells adjoin, the same process takes place on both sides 
of the partition-wall, and lenticular spaces are formed by the overarchings ; these are 
at first bisected by the original thin cell-wall, which afterwards disappears, and the 
two cell-cavities are placed in communication at each bordered pit; the canal or 
bordered pit which unites them is wide in the middle, and opens into each cell by 
a narrow fissure (Fig. 25, B y C). If, on the other hand, a vessel of this kind adjoins 
a parenchymatous cell which remains always full of sap and closed, the thickening 
and overarching of the pit occur only on the side of the vessel (Fig. 26, F), the thin 
parts of the cell- wall remaining intact and the bordered pit remains closed ; from 


1 For the definition of a vessel see Chap. ii. 

a These thin pieces of cell-wall which close up bordered pits may, by rapid surface growth, 
form bag-like protrusions, which grow through the pores of the pits into the vessels, spread them- 
selves out there, become divided by septa, and thus form a thin-walled tissue, which not unfre- 
quently fills up the whole of the cavity. These formations are known under the name of ‘Tiillcn’ 
or ‘ Tyloses; * they are abundantly and easily seen, for instance, in old roots of Cucurbit a, and in the 
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the cell-cavjty of the vessel a narrow fissure ( c ) opens between the expanded thickening, 
masses (b) into a wider cavity, which is bounded on the sides by the narrow part of the 
thickening-masses (*), on the outside of the primary cell-wall. These processes can 
only be seen in sections of extraordinary tenuity ; but these are easily obtained if good- 
sized pieces of the parts to be studied are allowed to lie for months in plenty of 
absolute alcohol, taken out before the preparation is made, and the alcohol allowed to 
evaporate ; in this manner pieces of sufficient hardness are obtained to cut extremely 
well with a very sharp knife. 



Fit,. 33 . — Ptnus sylvestris ; radial longitudinal sec- 
tion through the wood of a rapidly growing branch; 
<l> cambinl wood-cplls ; a — t older wood-cells; t ? t" 
bordered pits of ihe wood-cells, enlarging with age; 
st large pits where cells of the medullary rays touch 
the wood-cells (X 550). 


Fir.. 34.— Ptnus sylvestris ; . / transverse section of mature 
wood-cells (X 800) ; tn middle lamella of the common partition; 1 
inner layer, clothing the cavity ; sr intermediate layer of the cell- 
wall ; l .1 mature pit cut through the middle ; t f the same, but at a 
thic ker part of the section, the part of the cavity of the pit lying be- 
neath is seen in perspective ; t n a pit cut through beneath its inner 
opening; P transverse section through the cambium (X 800) ; c 
cnmbium ; h wood-cells still young; between them two very young 
wood-cells with pits 1 1 beginning to form ; diagrammatic). 


In the walls of scalariform vessels, which arc developed with peculiar beauty in 
the higher Cryptogams, the bordered pits are fissure-like ; they often stretch across 
the partition-wall of two adjoining cells, but are Very narrow in the longitudinal 
direction. In Fig. 27, A> is shown the lower half of a vessel of this kind with fissure- 
like pits, separated by thickening-masses like rungs of a ladder ; the larger white spaces 

wood of Robinia pseudacacia , &c. [See Joum. of Bot. 1872, pp. 321-323, t. 126; and Recss, Bot. 

Zeilg. 1868, pp. 1-11, t. 1 ; also infra, Book iii. Sect. 16.] 
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are the angles of contiguous cells. The formation of such a scalariforru thickening 
begins by the growth, on the thin wall which separates two vessels (C, /), of transverse 
ridges (*), which unite on either side with the thickening which always lies at the 
angle of a cell-wall. C shows this in front view, D in vertical section. When com- 
pletely developed, the thin cell-wall (/) is absorbed ( c , r, in B), the thickening-ridges 
have overarched, so that only a narrow fissure (B, d) remains between their margins ; 
still further inwards the ridge again becomes narrower. The interior cavities of two 
adjoining vessels are thus united by a number of long narrow fissures ( B, j) ; the frame- 
work of the ladder is formed of peculiarly-shaped rungs, which may be seen in B at 
c c in section, at e in front view. Where the wall of a vessel bounds a parenchymatous 
cell ( B), the scalariform thickening takes place only on one side of the vessel (g), and 
is absent from the other side (/>). In this case also the thin original wall remains, 
closing externally the space of the fissure-like pit. 

The variety in the formation of pits is by no means exhausted by these examples ; 
but all the processes cannot be described here; we can only indicate a few. 



FIG. aj.— Wall of a vessel with bordered pits from the 
tuberous root of the Dnhlia ; A front view of the wall of a 
vessel from without ; A transverse section of the snine (hori- 
zontal, at right angles to the paper) ; C longitudinal section 
(vertical, at right angles to the paper); q septum; a the 
original thickcning-ridgcs; b the overarching part of the 
thickening-tnnsses ; r the fissure through which the cavity of 
the pit communicates with the cell-cavity. At o and 0 the 
corresponding front view is appended in order to make the 
transverse and longitudinal sections more clear (x 800). 


FIG. 26.— From the ront-tuber of 
the Dahlia ; P parenchymatous wood- 
cell ; f'a piece of the wall of a vessel, 
where it adjoins a parenchymatous 
wood-cell ; a b the thickening -musses 
of the wall of the vessel cut through 
at right angles ; c fissure of the pit ; 
d simple pits in the parenchymatous 
wood-cell (X 800). 


In the formation of vessels in the Dahlia (Fig. 25) the pit occupies at first a large 
round space, while the edges of the overarching thickening enclose a fissure. By 
a modification of this process of growth the fissure may attain a length much greater 
than the diameter of the pit, which then appears, on a front view, as a roundish opening 
crossed by a fissure (Fig. 26, P ). It also sometimes happens that the pit-fissure changes 
its direction as the thickening increases; in this case, on a front view, two fissures 
appear as if they cross one another (Fig. 28, A and B, Jt). But in order to be certain 
that this takes place within the layers of the wall of a single cell, the cells must be 
isolated by maceration. Similar appearances are also often seen if the partition-wall 
of two cells is observed from the front. If the fissure inclines to the left in the one 
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cell, the corresponding fissure may incline to the right in the other ; viewed one over 
the other they then appear crossed l . 

In cells which form a tissue, the partition-wall is always at first a very thin lamella ; 
as the thickness increases, the thickening-masses project into the adjoining cell-cavities. 
Generally, as we have already seen, the thickenings on either side of a partition-wall 
correspond; and this is very evident in the formation of pits, inasmuch as the pit- 
canals of adjoining cells meet one another. But since a cell often adjoins cells of 
a very different character, different sides of the same cell may show different forms 
of thickening and different descriptions of pits. The 


total growth in thickness may also be very different 
on different sides ; thus, for instance, epidermal cells 
are mostly strongly thickened on the outer exposed 
wall (cuticle); the inner wall, where they adjoin 
parenchymatous cells, being either very thin or cor- 
responding in form to that of the adjoining cells. 

The correspondence in the growth of the thick- 
enings is less evident when they have a distinctly 
spiral structure, or .when they occur in the form 
of strong spiral bands, as in spiral vessels; if, in 
this case, in each adjoining cell one or more spiral 
bands wind in the same direction, they must neces- 
sarily cross on the common partition-wall. 

(c) Stratification and Striation of the Cell-wall z . 
When the cell-walls have attained a certain thick- 
ness and extent of surface, stratification and stria- 
tion become more or less evident. In consequence 
of stratification the cell-wall appears as if composed 
of very thin membranes enclosed one within another 
and fitting very closely together ; the stratification 
is seen both in the transverse and the longitudinal 
section of the cell-wall. The striation is generally 
to be seen most plainly from the front ; it may be 
observed in the form of two systems of lines (some- 
times apparently more) marked on the surface. T he 
one system, consisting of parallel striae, is always 
intersected by the other system which also consists 
of parallel striae. A closer investigation shows that 
the appearance of striation does not belong to the 
surface only or to one layer of the cell-wall, but 
that the striation rather penetrates the whole thick- 
ness of the cell-wall, and that the striae are due to 
layers which intersect the surface obliquely, and all 
other layers concentric with it. If the striation is 
very strongly marked, and nearly parallel to the 
longer axis of the cell, it may be recognised in a 



Fir,. 27. — Vessel from the underground stem 
of Pttris aqttilina thickened in a scalarifomi 
manner; A half of a vessel, isolated by Schulsc's 
maceration; B—P sections obtained from pieces 
of the btein hardened in absolute alcohol ; B after 
a very clean section, represented In a partly dia- 
grammatic manner; to the right, front view of 
the wall of the vessels from within; cc vertical 
section of the same ; C front view of the young 
wall of a vessel ; P its vertical section ; B place 
where a vessel adjoins a parenchymatous cell, In 
section vertical to the thickening-ridges of the 
vessel (X 800), 


transverse section in the form of lines crossing the 


concentric layers; in a longitudinal section only those systems of striation are easily 
seen which, viewed on the surface, cut the longer axis nearly at right angles. 


1 A representation of a twisted pit-canal, whose outer and inner fissure (within the same cell- 
wall) cross, may be seen in Nageli, Berichte der Miinchener Akademie, 1867 (July 9), t. v. fig. 45. 

9 H. von Mohl, Bot. Zeitg. 1858, pp. 1, 9. — Nageli, Ueber den inneren Bau der vegetabilischen 
Zellenmembran, in the Sitzungsberichte der Miinchener Akad. der Wissenschaften, 1864, May and 
July.— Hofmeister, Lehre von der Pflanzenzelle, p. 197. 
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Every system of stratification or striation consists of layers of visible thickness and 
of different refractive powers, so that a more strongly refractive layer or stria always 
alternates with a less strongly refractive one. This difference of refraction results 
from a different distribution of water and of solid particles in the cell-wall; the less 
strongly refractive layers contain more water and less Cellulose, and are therefore 
less dense ; the more strongly refractive and denser layers contain less water and more 
cellulose. Hence stratification and striation of the cell- wall disappear both when water 
is completely eliminated, and also when it absorbs much water; because, in the first 
case, the more watery layers are reduced to the condition of the less watery ones, 
in the latter case the less watery become similar to the others. On the other hand 
stratification and striation become most conspicuous when, from the particular propor- 
tion of water in the cell-wall, the difference between the dense and the watery layers 
is greatest. In many cases this may be brought about by addition of acids or alkalies 




Fl(i. szg.— Transverse section of a cell from 
the root •tuber of the lKililia (X 800) ; f the 
cell-cavity; K canals which penetrate the 
stratified cell-wall ; jr/ a crack by whit h 
an inner group of layers has become sepa- 
rated. 


Fit*., rft.— Sclcrem hymatniis cells tff Pterts aqutltna ; si half of a cell isolated and rendered colourless by Schulze's 
maceration ; 7 ? a piece more strongly magnified (X 550) ; the fissurc-Iike pits cross ; *. e. the fissure is twisted ; at / side 
view of a fissure, appearing here as a simple canal. C transverse section of the same. 


which occasion a moderate swelling. But if the dense layers are very dense, and the 
others very watery, as is the case with some wood^cells Pinus syl f vestris) > the stria- 
tion becomes more evident through desiccation, because this brings out the dense layers 
and effaces the less dense ones. 

The systems of striation and stratification of a cell-wall intersect one another, like 
the cleavage-planes of a crystal splitting in three directions. But since the striation and 
stratification are produced by layers of a measurable thickness, composed of alternately 
denser and less dense substance, the cell-wall appears to be composed of parallelopipedal 
pieces, distinguished from one another by the proportion of water contained in them. 
If we for a moment disregard the stratification, and assume that we have two inter- 
secting systems of striation ; then, where two dense striae intersect, the densest or least 
watery places are always to be found ; where two watery ones intersect, the least dense 
or most watery, and where places of greater and less density intersect, areolae of inter- 
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* mediate density are found. The intersecting systems of striation must form prisms 
which stand vertically or obliquely upon the surface of the cell- wall. If the concentric 
stratification is very strongly developed, every one of these prisms must be cut up into 
more and less dense sections parallel with its base; if the concentric stratification is 
feebly developed, the prismatic structure may predominate. The peculiar internal 
structure of the epispore of Rhizocarpeae (Fig. 33, p. 31) and the yet more various 
structure of the extine of many pollen-grains, may perhaps be resolved into a further 
development of this kind of process; but our space 


does not permit us to pursue this question in detail. 
The layers which produce the external appearance 
of striation may possess the form of closed rings, i.e . 
may be similar to thin sections of the cell, or may 
run in a spiral manner round the axis of the cell. A 
distinction must accordingly be drawn between annular 
and spiral striation ; it is often, however, very difficult 
to decide which of the two is present ; sometimes both 
are developed at different parts of the same cell-walL 
Sometimes one system of striation is very obscure, the 
other all the more strongly marked ; or one system may 
be the better developed in one layer of the cell-wall, 
the other system in another layer ; and this is genetically 
connected with the above-mentioned twisting of the 
pit-fissures. The striation is mostly clearest in cells 
with broad uniform thidkening-surfaces, as Valonia 
utricularis , hairs of Opuntia , pith-cells of the root-tubers 
of the Dahlia (in the latter case remarkably plain) ; but 
it may als> be recognised when the sculpture of the 
cell-wall is complicated; e.g. in the walls of very wide 
vessels of Cucurbita Pepo provided with densely crowded 
small bordered pits (after Schulze’s maceration, espe- 
cially in vessels of the root, where the crossed spiral 
striation is very clear). The striation may itself give 
occasion to differences of elevation ; sometimes the 
denser layers project a little on the inner side of the 
cell-wall (Fig. 32 B ); or individual denser layers of one 
system of striation alone become prominent ; thus, for 



instance, a fine spiral band makes its appearance on 
the inner sides of the wood-cells of the Yew, which is 
not unfrequently crossed by one running in the opposite 
direction. When elongated fissure-like pits are ar- 
ranged in spiral lines on the cell-wall, a system of stria- 
tion is generally found in a corresponding direction. 

This slight sketch must suffice to explain the nature 


1 ? 1G -*< 1 .— Cells from thr 
ttosa (x&iu), bhowinn striation. The striae 
arc not nearly so strongly marked in nature, 
but are quite as evident ; a optica! lOntfitu- 
dinal section of the crossed annular stria- 
tion ; b front view where the annular 
striations crosi ; c, ti front view where they 
do not cross ; < a piece of i ell -wall, where 
only a few annular striations arc to be 
seen. 


of stratification and striation, and their relation to the 


sculpture of the cell-wall; further detail would exceed the limits of this work 1 2 . 

(d) Intussusception the cause of growth qf the Cell-wall in surface and thickness . The 


1 See also Book II, Rhizocarpeae. 

2 The striation may easily be seen, even with slight magnifying power, on the large pith-cells of 
the root-tubers of Dahlia, on the hairs of Opuntia , and on Valonia utricularis , but only with very high 
magnifying power on isolated wood-cells of Pinus, bast -fibres, &c. ; one of the examples longest 
known are the bast-cells of Apocynaceae possessed of alternate dilatations and constrictions. (Mohl, 
Veget. Zelle, Fig. 27.) 
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surface-growth of the cell- wall can be regarded only as an intercalation, between i$s 
already existing particles, of new particles which force the old ones asunder. It is very 
probable that the striation has a genetic connection with this process, similar to that 
which Nageli has shown to exist between the stratification of starch-grains and their 
growth. It was long thought that the growth in thickness of the cell-wall arose from 
the repeated deposition of new concentric layers on its inner side ; in which case the 
innermost layer would always be the youngest. This appeared to be an extremely 
simple explanation of the stratification of -the cell-wall ; and the chemical differentiation 
of thick cell-walls appeared entirely to support this idea. But the increased powers of 
the microscope revealed a fact quite fatal to the theory of apposition ; the stratification 
of thickened cell-walls was shown, as we have seen, to be not a contiguity of similar, but 
an alternation of dissimilar, layers. For reasons which cannot here be discussed, it must 



Fir.. 31.— lljpodemul ccl 
om tla* stem of /'fern aqun 
Hit, isolated l»y Schulze's 
nacerntinn . The wall is suoit 
al longitudinal sre- 

n ; It 

r> dense Inyi-r, a central 
dense layer (the dark 
streak to the right below) en- 

thesr layers arc penetrated 
by pit-canals, which arc seen 
on the hinder wall m trans- 
verse section. 



FIG. 32.— Striation of the wood-cells of Ptuus 
StK>hu \ ; A front view of a young tell ; a fissure 
j runs across the still young bordered pit, cor- 
responding to the spiral striation; /»’ sectional 
view of the cell-wall with a part of the side view ; 

he middle lamella of the wall common to tw 
cc >; v v the thickening-layers in contact with 
it these nrc striated, the striation may be recog- 
ni d .is n formation of layers penetrating the 
thickness; the denser (white) layei 
t in the form of little knobs. C front view of 
. It ; the striation here appears as a star-like 
arrangement of less dense spots (x 8uo). 


be concluded that these alternate deposits of more and less watery layers must be the 
result not of an apposition, but of an internal differentiation of the cell-wall already 
formed. The fact is decisive, that on the inner side of every cell-wall there always lies 
a dense layer containing but little water ; if growth in thickness took place by successive 
deposition of layers, the innermost and youngest layer would be alternately more and 
less dense, which is not the Case. The growth also of such thickening-masses as project 
externally, like the crests and spines of pollen-grains, &c., can only be explained by in- 
tussusception, not by apposition. 

Growth by intussusception can be regarded only as the diffusion of an aqueous 
solution from the protoplasm between the micellae of the cell-wall. What this solution 
is, cannot at present be said with certainty ; probably it contains some carbo-hydrate 
which is easily transformed into cellulose. This substance then forms between the 
micellae of the cell-wall new solid micellae of cellulose. The actual process of growth, 
the internal structure of the cell-wall already described, and certain phenomena which it 
exhibits with polarised light, as well as the swelling of the cell- wall, lead to the conclusion 
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that it consists of solid micellae of definite form, each of which is surrounded by an en- 
velope of water, and is thus separated from the adjoining micellae ; th? more watery a 
cell-wall-layer, the smaller, according to the principles laid down by Nageli l 2 , are the solid 
micellae, the more numerous and the thicker their aqueous envelopes. From this it 
follows that a certain quantity of water is as indispensable to the growth and to the in- 
ternal organisation of the cell-wall as is cellulose itself. This water may be designated 
wafer qf organisation, in the same sense as we speak of i water of crystallisation ; ' and as 
the latter is indispensable to the formation of many crystals, so is the former to the 
structure of the cell-wall. It is moreover, as we shall see, a peculiarity of all organised 
structures to contain this water of organisation, at least as long II they continue to grow, 
because they all alike grow by intussusception. 

From what has been said it will easily be seen that the concentric formation of 
layers of a cell-wall growing by intussusception differs essentially from the repeated 


A n 



FiG. 33. — M ncrospores of Pilularia globulifrra. In optical* longitudinal section ; A a still unripe spore, in 
which the outermost gelatinous layer of the cell-wall is striji wanting, though present m the ripe spore R; the two 
outermost layers of the cell-wall of the latter (r and d) have assumed a prismatic structure, especially in r ; in d 
stratification is feebly indicated at the same time. Seen from the surface the prisms appear like arcohe. The 
hounding-surfaces of the prisms .ire, in the corresponding cell-wall layer of Afurst/ta Saivatrvc, more solid and 
cutleulnriscd, by which the appearance of a honey-comb is produced. (The layers f>, t, and d together form the 
epispore.) (See also Ilook II., Khiaocarpcee.) 


formation of a cell-wall round one and the same protoplasm-m^ss ; cell-walls enclosed 
one within another may be produced in this manner; but these cannot be considered as 
layers of one cell-wall*. Such a process is very common in the formation of the pollen- 
grains of Phanerogams; within each of the four cells formed by the division of the 
mother-cell the protoplasm forms round itself a new cell-wall, before the mother-cell- 
wall has disappeared (Fig. 34). 

But the renewal of a cell-wall may also be brought about by the internal layers of 
the cell-wall increasing by intussusception, while the external mass of layers undergoes no 
further growth. Thus the cell-wall of spores and pollen-grains originally grows as a 


1 The theory of the growth of the cell-wall (as of all organised structures) by intussusception 
was first originated by Nageli in his great work on Starch ( 1 858). Compare also Sachs, Handbuch 
der Experimental-physiologic der Pflanzen, §114. 

2 [A striking instance of such a multilaminated cellulose-envelope is afforded in the remarkable 
organism described by Archer under the name of Chlarnydomyxa , Quart. Jour. Micr. Sci. 1875, 
p. 129.] 
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whole, increasing by intussusception ; by subsequent internal differentiation, masses 
(shells) of layers are formed, differing in their chemical and physical properties; the 
outer firm cuticularised shell (exospor£, cxtine) remains unchanged, and is thrown off as 
an envelope, while an inner mass of layers (endospore, intine) begins a new growth with 
the germination of the spores or the development of the pollen-tubes. A similar process 
occurs with many filamentous Algae (Rivularieae and Scytonemeae), where a large number 
of cell-wall-layers are successively formed one within another, while from time to time 
the older masses of layers cease to increase, and are broken through by the growing 
filament, which now^orms new cell-wall-layers (see Nageli und Schwendener, Das 
Mikroskop, 2nd ed., p. 547). It need scarcely be mentioned that these facts do not 
contradict the theory of growth by intussusception, but only correspond to particular 
modifications in the life of the cell. 



£t 0 . 14, — Pollen-mother-cell of CucutHta Pe/o; sg the externa common layers of the mother-cell under^oinff 
absorption; sp the so-called 'special mother -cells ’ tonsistiiitf of masses <f layers of the inothcr-cell-wall which sunmmd 
the young pollen-tfrains ; they also are afterwards absorbed ; ph the wall of the pollen-pram ; its spines prow outwards and 
penetrate the 'special mother-cell v hemispherit al deposits of cellulose on the cell-wall of the pollcn-yrain, from which 
the pullcn-tubes are afterwards formed ; p the contracted protoplasm of the pollen-grain (the preparation was obtained 
by section of an anther which had lain for some months in absolute alcohol) (x 550). 


(c) Differentiation of the Cell-wall into Systems qf layers (Shells) with different chemical 
and physical properties . 

Very young and thin cell-walls, while still in rapid growth, as also many older 
ones, are composed throughout their whole thickness of what has been termed pure 
cellulose; i.e. they arc easily permeable by water, only slightly extensible or capable 
of swelling, very elastic, colourless, and soluble in sulphuric acid; with iodine and 
sulphuric acid they assume an intense blue colour, as also with Schultz’s solution, rarely 
with solution of iodine alone (as the asci of Lichens). Together with these common 
properties, they may, according to the nature of the cell, possess many other peculiar 
reactions. Among older fully developed cells, succulent thin-walled parenchymatous 
cells of the higher plants behave for the most part in this manner, many thick-walled 
cells of Algae, and — with the exception of the blue colour produced by iodine and 
sulphuric acid, and by Schultz’s solution — most hyphx of Fungi and Lichens. 

With more strongly thickened cell-walls (rarely with moderately thin ones, as some 
cork-cclls), whole masses of layers behave in a different manner chemically and physically; 
in consequence of»this the cell-wall is at once seen to consist of two or more Shelh \ each 


1 It is desirable to employ the expression ‘layers’ (Schichtcn) only in the sense mentioned 
in paragraph (d), where it implies a regularly alternating difference in the proportion of water, 
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of which may again exhibit numerous layers and the striation already described. In the 
case of exposed cells which require protection (as pollen-grains or spores), or of those 
which themselves serve as a protection to other tissues (as cork), an outermost shell 
(of greater or less thickness) of each cell-wall is transfonned into cork or cuticle. 
When the cells are destined to form a firm frame-work (as in wood-cells), the outer 
masses of layers become lignified ; in other cases, on the other hand, the outer layers, 
rarely the inner ones, are transformed into mucilage. Usually an inner layer of the cell-wall 
remains unchanged in all three cases, and gives the above-mentioned cellulose 
reactions, while the suberised and 
lignified shells of the cell-wall 
may, after previous treatment 
with alkalies or with nitric acid, 
also exhibit these reactions; the 
layers which are transformed into 
mucilage are the most refractory. 

Some of the morphological 
relations here treated of find 
their explanation only when we 
study the formation of tissues; 
but I cannot here discuss the 
chemical behaviour of the cell- 
wall ; the reactions must properly 
be regarded not as chemical tests, 
but only as the means of recog- 
nising a morphological differen- 
tiation. The description of some 
examples will be sufficient to guide 
the beginner. 

The pollen of Tburtbergia alata 
(Fig. 36) shows that the different 
development of two shells of a 
cell-wall may go so far that the 
cuticularised shell, the Extine, be- 
comes actually separated from 
the non-cuticularised shell, the 
Intine, which still possesses the 
power of growth ; by this means 
it becomes broken up in most 
cases by fissures previously formed 
into one or two spiral bands. 

This can be artificially induced 
by laying these pollen-grains in 
concentrated sulphuric acid or potash solution ; the extine then assumes a very beautiful 
red colour, while the intine in the first case dissolves, in the second case swells a 
little and remains colourless. In the germination also of many spores (c.g. Spirogyru , 
Mosses, &c.) the cuticularised exospore becomes completely separated and stripped 
from the endospore, which still continues to develop; both shells, however — cor- 
responding to the extine and intine of the pollen -grain— consist, in their actual 
development, of systems of layers of a single cell-wall possessing different chemico- 
physical properties. 



FKJ. 35.“ A pollen-gram of Cucurbit a P>po , which has. emitted a irollen- 
tube (sp) into a papilla of the stigma. The cell-wall of the pollen-grain consists 
of a ruticultirised extitu* (f). ami an inline capable of growth (*') ; the latter is 
greatly thickened at eeitain places [P t) ; on each thickening-mass the extine 
forms a roundish lid (rf) ; when the pollen-grain is commencing to emit its 
pollen-tubes, the thick parts of the inline swell, and thus tilt up and lift off the 
lid-like piece of the cxtinc ; one or two of these thickening-masses form pollen- 
tubes (X 550). 


as in the strire; another term must be employed for the structures now under consideration, and 
the expression * shells’ (Schalen) appears to answer the purpose. 

D 
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In the epidermal cells, the cuticularisation either affects a shell of the outer wall, 
or it attacks the side-walls, as may be well seen, for instance, on the under-side of 
the leaf-veins of the holly. If a very thin transverse section (Fig. 37, A) is treated with 
Schultz’s solution, and submitted to a very high magnifying power (800), each cell-wall 
of the epidermis appears to be composed of two shells, of which the inner one, which 
is softer and more capable of swelling (r), becomes dark blue, while the outer shell 
does not. Bui this latter shows itself to be further composed of two chemically different 
layers, an inner (b) y which assumes a yellow colour and penetrates laterally between 
the cells (b') y and an outer one which remains colourless (a) y and extends continuously 
over the cells (the so-called true Cuticle ). Between these two may be observed yet 
another boundary-zone, which, when the microscope is focussed to it, passes over the 
field of view like a shadow. The inner shell which assumes the blue colour, as well 
as the outer cuticularised substance, arc each composed of a system of layers. In 

the latter moreover the radial stria- 
tion is more evident, as is shown 
in Fig. 37 y A y a y h\ these radial lines 
are not, as was formerly thought, 
pores, but are the transverse sec- 
tions of layers which, in a front 
view of the cuticle (Fig. 37, J3 , j), 
appear as striae, and, following the 
veins of the leaf lengthways, pass 
over the septa of the cells (<7). 

An example of strongly lignified 
cell- walls split up into three shells 
occurs in the dark-brown-walled 
sciercnchymatous cells which com- 
pose the firm bands between the 
fibro-vascular bundles in the stem 
of Pteris nquilina (Fig. 38). The 
very thick wall between two cells 
contains a hard, dark-brown lamella 

(a) in the centre of the double cell- 
wall; this is followed on each side 
by a light-brown, more horny shell 

(b) ; and this encloses a third shell 
likewise light-brown. By boiling in 
nitric acid with potassium chlorate 
the first (a) is dissolved, and the 
cells are thereby isolated (see Fig. 

28, p. 28); the two other shells of the cell-wall (b and c) remain unchanged by the 
maceration, except that they lose their colour; and hence the shell c is shown to 
be composed of different layers, some more and some less watery (Fig. 28, C, c). The 
three shells also show a different behaviour on treatment with concentrated sulfhuric 
acid; a becomes a dark reddish brown and dfc^s not swell, or only slightly; b swells 
in the radial direction and becomes thicker ; while c swells in the radial, tangential, 
and longitudinal directions (see Fig. 38, C, c y and D y c)\ in transverse sections c breaks 
away from b and curves in a vermiform manner (C) ; in longitudinal sections it is bent 
in a wavy manner (/)). 

In true wood-cells, e.g. in Pinus sylvestris (Fig. 24, A y p. 25), three shells are likewise 
generally to be distinguished; one in the centre of the double cell-wall (A y m ), next 
a thicker one (*), and then an innermost (/) ; the two first turn yellow on treatment with 
solution of iodine or iodine and sulphuric acid, the innermost blue with the latter 
reagent ; % and / are dissolved by concentrated sulphuric acid, while the central lamella 



MG. y>.— Pollen of Tit undercut a lata (x 550). 1 and II placed in 
mccntrated sulphuric acid; //', l', / 7 / after solution of the mtine; 
sometimes the fissures of tho cxtinc run so that isolated pieces of it fall 
off, corresponding to the lids o( the extine of other pollen grains, e.% of 
C untrbita ; III in Schultz's solution, section; VI in strong solution of 
potash, e extine, / intine. Tho fissure-, of the cxtinc clearly arise from 
Subsequent internal differentiation, in the same manner as the clatcrs are 
formed from the so-called ‘special mother-c ells’ of the spores of F.quise 
turn. (See Book II., Kquisctaceas) 
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m remains. Here also the possibility of isolating the cell depends on the circumstance 
that the central lamella m may be dissolved by boiling in nitric acid with potassium 
chlorate; and thus the walls of the isolated cells consist only of the two inner shells. 
In many wood-cells (the * Libriform Fibres * of Sanio) the inner thickening-layers 
form a shell of cartilaginous or gelatinous consistence, as in the wood of many 
Papilionaceae. 

When the outermost layers of the walls of cells which are combined into tissues 
become gelatinous or mucilaginous, their boundary-line disappears; and the cells, 
enclosed by the inner shell which is not mucilaginous, appear to be imbedded in a 
homogeneous jelly ; this appearance gave rise to the theory of * Intercellular Sub- 
stance/ to which we shall recur. This behaviour occurs in the tissue of some Fucaceae, 
and also in the endosperm of Ceratonia Siliqua (Fig. 39) ; cc are the outer layers of the 




Fir.. 3H.— Structure of the siler one h>nin in the stem 
of Pfrrts aqniitnii (x 550). . I a fresh thin transverse 

section; fi the longitudinal wall between two cells, fresh 
(.1 curved pit canal .it the lower end) ; C transverse sec- 
tinn in concentrated sulphuric acid ;/> longitudinal sec- 
tion of the wall in sulphuric acid ; a the central lamella of 
the wall ; b second shell; r third or innermost shell of the 
all ; p pore-canals ; / cavity of tlu* cell. 

wall of the cells a y which have become entirely converted into mucilage and rendered 
indistinguishable, their innermost system of layers (b) appearing as a strongly refractive 
shell. In the dry state the mucilaginous mass is almost horny; it swells up strongly 

in water with potash solution; with iodine and sulphuric acid it does not become 

coloured, but the sharply defined inner shell b turns blue. 

In isolated cells numerous cell-wall-layers may also form a mucilaginous shell 
which is most beautifully developed in the spores of Pilularia (Fig. 33, p. 3a) and 

Marsika . In the sporocarp of these plants arc certain masses of parenchyma, the 

cell-walls of which become mucilaginous on the inner side ; when dry the mucilaginous 
masses are firm and horny, but can absorb so much water that they increase in bulk 
several hundred-fold, and burst the wall of the sporocarp (Book II., Rhizocarpeae). 
A similar transformation into mucilage of inner layers of cell-wall, while an outer, 
thin, and cuticularised shell resists, occurs with linseed and quince-seed. The inner 
thickening-masses of the epidermis of the seed, transformed into mucilage, absorb the 
surrounding water, swell up violently* and, bursting the cuticle which is incapable 

D 2 


Fib. yj — Fpidemiis of the central vein of the leaf of 
the holly; A transverse section; //superficial appearance 
(front view). 
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of swelling, appear, in the presence of a small quantity of water, as a hyaline layer 
enveloping the seed ; with more copious addition of water they become more and more 
diluted into thin mucilage. A similar process occurs in some other seeds, as those 
of Teesdalia nudicaulis and Plantago Psyllium , in the seed-hairs of Rucllia , and the 
pericarp of Salvia, Gum-tragacanth consists of the cells of the pith and medullary 
rays of Astragalus creticus , A, Tragacantba , and other species, transformed into mucilage 1 * . 
When the walls of these cells become mucilaginous, and swell up on copious addition 
of water, they force themselves through, cracks in the stem as viscid masses, and dry 
up on the outside into a horny substance capable of swelling in water. Vegetable 
mucilage can, however, arise in other ways 8 . 

(f) Incombustible Deposits occur in every cell-wall. The presence of lime and silica 
can be directly proved, and it can scarcely be doubted that potash, soda, magnesia, 
iron, sulphuric acid, &c., also occur in small quantities ; the lime-salts and silica 
increase with age. The deposition may take place in two ways. Usually only ex- 
tremely small particles of incombustible substance are deposited regularly between 

the molecules of the organised substance of 
the cell-wall ; and this may be recognised by 
the ash remaining behind after ignition in 
the form of the organised cell-wall (as a 
skeleton). But lime-salts may also be con- 
tained in the cell-wall in the form of nu- 
merous very small crystals; they then lie 
imbedded in the substance of the cell- 
wall itself, sometimes in the form of 
growths which project into the cell-cavity 
(i Cyst edit hs ). 

Skeletons composed of a substance 3 4 * soluble 
in weak acids (generally thought to be lime) 
are obtained by combustion of very thin 
layers of tissue on glass or 
they occur so generally that it is unneces- 
sary to adduce examples ; from entire vascular cells I obtained, in the case of Cucurbita 
PepOy beautiful lime-skeletons. Silica-skeletons are obtained most abundantly from epi- 
dermal cells and from Diatoms; but silicified cell-walls occur also in the interior of 
tissues, as in the leaves of Ficus Sycomorus , Fag us sylvatica , Quercus suber , Deutz,ia scabra, 
Phragmites communis f Ceratonia Siliqua, Magnolia grandiflora y &c., according to Mohl \ 
The silicification does not generally affect the whole thickness of the cell-wall, but 
only an outer shell; as, for instance, in the case of epidermal cells, the cuticularised 
portion only. In order to obtain fine skeletons, it is necessary previously to soak the 
removed epidermis or thin sections of it in nitric or hydrochloric acid, and then to 
burn them on platinum-foil. I have found another method much more convenient. 
I place larger pieces of the tissue ( e.g . of leaves of grass, stems of Equisetum y &c.) on 
platinum-foil in a large drop of concentrated sulphuric acid, and heat over the flame ; 



1‘1G. 3 y.— Section of the endosperm of teratoma 
Siliqua. 


1 [II. von Mohl, Bot. Zeitg. 1857, p. 33 ; Pharmaceut. Journ. Jan. 1859.] 

8 Compare further, Frank, Uebcr die anatomische Bedeutung und die Entstehung der vegeta- 
bilischen Schleime, in Jahrb. fiir wissen. Bot. vol. V. 1866. 

* The salts found in the ash are partly products of combustion. Carbonates may be pro- 
duced by the combustion of salts of vegetable acids. Since a strong red heat is necessary 
for complete combustion, easily volatile chlorides (potassium or sodium chloride) may disappear 
from the ash. 

4 H. von Mohl, Ueber das Kieselskelet lebender Pflanzenzcllen, in Bot. Zeitg. 1861, no. 30 et 

f>eq. — Rosanoff, Bot. Zeitg. 1871, nos. 44, 45. 
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the mass immediately turns black, and a violent formation of gas follows; the heat 
must be continued until only the pure white ash remains. This is soon effected by this 
means, whereas otherwise the reduction to ash is generally very tedious, and often 
does not afford an entirely colourless skeleton 1 . 

Sect. 5. Protoplasm and Nucleus 2 , — Now that the significance of proto- 
plasm as the peculiar living essence of the ceil has been sufficiently brought out, 
we need only add what is absolutely essential, both as respects its chemical and 
physical nature and its structure and movements. Protoplasm consists of a com- 
bination of (apparently different) albuminous substances (proteids) with water and 
small quantities of incombustible materials (ash). In most cases it also contains, 
as may be concluded on physiological grounds, considerable quantities of other 
organic compounds, belonging probably to the series of carbo-hydrates and oils. 
These admixtures are distributed through its mass in an invisible form ; but it 
not un frequently includes granules of starch and drops of oil, which at a 
subsequent period may either entirely disappear or may increase in bulk. Very 
commonly the rapidly increasing protoplasm, in itself colourless and hyaline, is 
rendered turbid by numerous small granules, consisting, probably, of minute drops 
of oil. The protoplasm, as it is generally met with, ought therefore to be con- 
sidered as true protoplasm with varying admixtures of different formative materials 
(. Metaplasm of Ilanstein). The consistence of protoplasm varies greatly at different 
times and under different circumstances, even in the same protoplasm-mass. It 
commonly appears soft, plastic, tough, inelastic, and very extensible; in other 
cases it is more gelatinous, sometimes stiff, brittle (in the embryos of seeds before 
germination); but very commonly it gives the impression of being a fluid. All 
these properties depend essentially on the quantity of water it has absorbed. But, 
however great may be the quantity of water, and its consequent similarity to a 
fluid, the protoplasm is nevertheless never a fluid ; even the mucilaginous or gelatinous 
conditions of other bodies can only be very superficially compared with it. For 
the living and life-giving protoplasm is endowed with internal forces, and, as the 
result of this, with an internal and external variability which is wanting in every 
oilier known structure; its active molecular forces cannot, in short, be compared 
with those of any other substance 3 * * * * 8 . The capacity which protoplasm has, in 
consequence of the forces which become manifested in it, of assuming varying 
definite external forms, as well as its capacity of secreting substances of different 
chemical and physical properties according to definite laws, is the immediate cause 
of cell-formation and of every process of organic life. 


1 On the crystals sometimes deposited in the cell-wall, see Sect. 11. 

2 II. von Mohl, Bot. Zeitg. 1844, p. 273, and 1855, p. 689; [Ann. dcs Sci. Nat. 1857, vol. VII. 

P- 253]. — Unger, Anatomie und Physiologic der Pflanzen, p. .374, 1855. — Nageli, Pflanzenphysiol. 

Untersuchungen, Heft I. Zurich. — Briicke, Wiener akad. Berichte, p. 408 et seq. t 1861. — Max 

Schultze, Ueber das Protoplasma der Rhizopoden und Pflanzenzellen, Leipzig 1863. — De Bary, 

Die Mycetozoen, Leipzig 1864. — Hofmeister, Die Lehre von der Pflanzenzelle,. Leipzig 1867. — 

Ilanstein, Sitzungsberichtc der niederrheinischen Gesellschaft in Bonn, Dec. 19, 1870. 

8 For further details on this point, see Book III ; also my Handbuch der Experimental- 
rhysiologie der Pflanzen, § 116, Leipzig 1865. 
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The protoplasm of plants, when in a state of vital activity, is generally very 
watery; on one hand it exhibits an internal differentiation of its substance into 
layers and portions differing in their consistence and chemical nature ; on the other 
hand it assumes definite outlines, and becomes bounded by surfaces of determinate, 
and mostly very variable, form. 

The internal differentiation of protoplasm usually manifests itself by the 
formation of an external hyaline, firmer; but very thin layer, surrounding the inner 
mass, with which it remains in the most intimate contact. Every portion of a 
protoplasm-mass immediately surrounds itself, when it becomes isolated, with 
such a skin. In the interior a quantity of fluid sap, which permeates its 
substance throughout, becomes separated in the form of drops ( Vacuoles ); when 
the protoplasm is contained in a growing cell these vacuoles increase as the 
cell grows, and the protoplasm-mass becomes a sac filled with watery sap. 
One of the most common internal differentiations of the young protoplasm- 
mass, while constituting itself a separate individual, is the formation of the 
Nucleus. The substance of the nucleus is at first indistinguishable from the 
rest of the protoplasm, and its forttfation is essentially the accumulation of 
certain particles of protoplasm round a centre, which is also usually the centre 
of the whole protoplasm-mass. Once formed, the nucleus — whose chemical 
nature, ast far as observation goes, is altogether similar to that of the protoplasm 
— becomes more sharply defined; it may itself become enveloped in a skin, 
and vacuoles and granules (the Nucleoli) may become separated in it. But the 
nucleus always remains a part of the protoplasm-mass; it is always imbedded in 
it; very commonly it becomes again absorbed, after a short existence, in the 
protoplasm, e.g. in cells which divide frequently, sec p. 14; in the elongated cells 
of the Characeae the nucleus disappears altogether when the circulating motion of 
the protoplasm begins. Another very common differentiation of the substance 
of the protoplasm consists in portions of it becoming separated in a definite 
form, and assuming a green colour, forming the Chlorophyll-bodies , which, like the 
nucleus, not only arise out of the protoplasm, but always remain portions of the 
protoplasm -mass. But since these require more minute investigation, the next 
section will be devoted to them. 

The external configuration of the protoplasm as a mass of definite form can 
be reduced to two cases: — either all its most minute particles group themselves 
concentrically round a common centre; or an internal motion takes place, which 
causes the protoplasm-mass to become elongated in some one direction, and 
disturbs the centripetal arrangement. The former occurs commonly in the for- 
mation of new cells, the latter during their growth. 

The movements of the minute particles of protoplasm which determine its 
grouping and configuration during the formation and growth of cells, are generally 
so slow as not to be visible even when subjected to a very high magnifying power. 
Much quicker movements, even appearing rapid under a very high magnifying 
power, occur in cells either before their growth, as in swarm -cells, or when it 
is neaily completed. Merely having regard to external appearance, the following 
kinds of movements of this nature may be distinguished : — 

(A) Movements of naked protoplasm-masses. (1) Swimming of swarm-cells 
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and antherozoids. This is characterised by the naked protoplasm-mass — swarm-cell 
or antherozoid — not changing its external form, while motile vibratile cilia, which 
are probably slender threads of protoplasm, cause rotation round the longer axis, 
and at the same time a progressive motion in the water. (2) Amoeboid movement ; — 
consisting of rapid changes in the external shape of naked protoplasmic structures, 
Myxoamcebse and plasmodia, which, while under water or in moist air on a 
firm support, creep about as if flowing, extending, and contracting; while within 
both the principal mass and the appendages which proceed from it a ‘streaming' 
motion occurs. 

(B) Movements of the protoplasm within the cell-wall. These commence 
after the protoplasm- mass of the cell has formed a larger sap cavity, and continue 
commonly after the growth of the cell has ceased until the end of its life. 
(3) Those movements are distinguished as Circulation where threads and bands, 
proceeding from the parietal protoplasm, run to that portion which envelopes the 
nucleus, and often stretch completely across the sap-cavity. A distinction is drawn 
between movements of larger portions of protoplasm, and the 1 streaming ' 
movement of the substance of which they are composed ; the former consist in the 
accumulation or diminution of the parietal layer, in movements in different directions 
of the mass which contains the nucleus, and, dependent on this, in different groupings 
of the threads. Within these structures themselves currents often occur, which 
are apparent from the movement of the enclosed granules, and are often in 
opposite directions within the same slender thread. In the cells of lower and higher 
plants whir h contain much protoplasm and sap but only a small quantity of granular 
contents, the circulation is a widely distributed phenomenon, especially visible in 
the hairs. (4) The term Rotation is applied to those cases where the whole 
mass of protoplasm enclosing a cell-cavity circulates as a thick current complete 
in itself, and carries along with it the grains and granules contained in it. This 
occurs in some water-plants, Characcae, Vallisncria , root-hairs of Hydrocharis , &c. 

(a) The protoplasm exists in two conditions, which may be distinguished as the 
living and the dead ; the former passes over into the latter by the most various chemical 
and mechanical processes ; the reactions of living protoplasm towards chemical reagents 
are essentially different from those of dead protoplasm ; but this of course can only 
be perceived when the reagents do not at the same moment cause death. Solutions 
of different colouring matters, as aqueous solutions of the colours of flowers and the 
juices of fruits, especially also weak acetic solution of carmine, have no power of 
colouring living protoplasm 1 ; but if it has been previously killed, or it it has lost 
its vital properties by long-continued action of these reagents, it absorbs a re- 
latively larger quantity of colouring material than of the solvent, and the whole 
substance assumes a much more intense colour than the reagent. Solutions of iodine 
in water, alcohol, potassium iodide, or glycerin, act in a similar manner; they all cause 
a yellow or brown colouring of the protoplasm, which is more intense than that of 
the solution itself. If protoplasm is first treated with nfric acid, the excess of 
acid removed by water, and potash solution added, it assumes a deep yellow colour ; 
saturated with a solution of cupric sulphate and then treated w r ith potash, it becomes 


1 In consequence of this the protoplasm and nucleus are colourless even when the sap is coloured 
in living cells; in other cases, on the other hand, the protoplasm is tinged by a colouring matter soluble 
in water which is not present in the cell-sap, as in Kloiidca: and the flowers of Composite. 
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of a beautiful dark violet. Protoplasm containing but little water treated with a 
large quantity of concentrated sulphuric acid assumes a beautiful rose-red colour, 
without at first changing its form ; subsequently this colour and the form disappear 
together, the protoplasm dissolving. Dilute potash solution (sometimes also ammonia 
solution) dissolves protoplasm, or at least destroys its form, and makes it homogeneously 
transparent. If, on the other hand, cells with protoplasm of characteristic form are 
placed in concentrated potash solution, the form remains for weeks, but disappears 
immediately on addition of water. All these reactions are collectively characteristic of 
true albuminoids, as casein, fibrin, and albumen; and wc are therefore justified in 
assuming that substances of this kind are always contained in protoplasm. If the 
protoplasm-sac in cells with much sap is very thin, it acquires a greater power of 
resistance to the solvents. In another respect also protoplasm behaves like albuminoids. 
By heating very watery protoplasm to above 50" C, it is killed and becomes turbid 
and stiff, as if coagulated ; alcohol and dilute mineral acids act in the same manner. 
The nucleus behaves towards all colouring substances, solvents, and coagulating agents, 
in the same manner as living watery protoplasm, or it shows itself even more sensitive, 
especially in young cells ; in older cells however it is acted on less easily. 

At the base of all protoplasmic structures there probably lies a substance which is 
colourless, homogeneous, and not visibly granular, to which alone the name Protoplasm 
ought perhaps to be applied, or which ought at all events to be distinguished as the 
basis of protoplasm. The fine granules which are so often mingled with it, and 
which some consider an essential ingredient, are probably finely divided assimilated 
food-materials, which undergo a further chemical metamorphosis into protoplasm ; every 
intermediate form occurs from these more or less fine granules to the largest which 
may be clearly recognised as oil and starch. Homogeneous protoplasm destitute of 
granules is found in the cotyledons of dormant embryos of Reliant bus, and in the first 
leaves of Phaseolus ; out of it chlorophyll is subsequently formed, and it contains but 
very little water; but the extremely watery protoplasm which rotates in the cells of 
Vallisneria is also not itself granular; nothing but nucleus and chlorophyll-granules 
can be recognised in it. In the development of the spores of Equisetum (Fig. 10, p. 14) 
the finer granules separate repeatedly from the homogeneous protoplasm, and afterwards 
become again distributed through it. But in some cases the protoplasm is so loaded 
with granular and coloured materials, that the colourless hyaline basis can no longer be 
distinguished; as, for instance, in the oosphercs of Fucus (Fig. 2, p. 3), the zygospores 
of Spirogyra (Fig. 6, p. 10), and in many spores and pollen-grains 1 . In the reservoirs 
for reserve-materials contained in dry seeds (e.g. the cotyledons of peas and beans), 
the protoplasm itself is often contracted into small roundish grains, among which lie 
the starch-grains. 

(b) Skin, Vacuoles, Movement 2 . Naked protoplasm-bodies, as the plasmodia of the 

1 TIanstein gives to the substances mingled with the true protoplasm, and which undergo many 
transformations, the collective name of Me/nplasm. (Bot. Zcitg. 1868, p. 710.) 

“ L^he recent observations of Strasburger differ in some respects from what is stated in the 
text. Strasburger recognises a differentiation of protoplasm into two layers, which rnay be termed 
Ectoplasm and Endoplasm respectively In vegetable cells the former is hyaline, while the 
chlorophyll-grains are imbedded in the latter. The ectoplasm does not however consist of the 
mere hyaline basis of the protoplasm, nor is it identical with the skin which is formed on a free 
surface when exposed, but is the result of a true process of differentiation. In numerous cases, 
though not universally, Strasburger has found that the ectoplasm presents the radial striation 
referred to in the text, and sometimes also a striation parallel with the surface. I11 tlit* swarm-cells 
of Vaucheria treated with a one per cent, solution of osinic acid, he found that this striation depended 
on the presence in the ectoplasm of small rods of denser, imbedded in more watery protoplasm. 
Extern illy and internally these rods are in contact with a delicate continuous layer of protoplasm, 
and the cilia, which are more slender than the rods and about twice as long, arise from them. In 
the earliest stage the cilia are small processcss of the ectoplasm corresponding in position to the rodp 
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Myxomycetes, some swarm-cells, e.g. of Faucheria , allow the skin to be recognised, 
under sufficient magnifying power, as a hyaline edging ; in the swarm-cells of Faucheria 
it is evidently striated radially when seen in section, just as some cell-walls are; 
Hofmeister (Handbuch, vol. L p. 25) found the same appearance in the plasmodia of 
Mthalium . Probably this skin is nothing but the pure basis of the protoplasm itself 
free from granules, of which the whole body is formed, but which is masked in 
the interior by grains and granules. It follows that in the amoeboid movements of 
plasmodia the new extensions are always at first formed of the skin alone ; it is only 



FlG. 4<».— /? — (/ protoplasm from an injured filament of l 'a taker la terrestrn , slowly emerging in water, in different successive 
conditions, at intervals of about five minute s ; h the wall of the ruptured filament ; i the protoplasm which still remains in the 
filament ; a in H, C, D, and F, a ball of protoplasm detaching itself, forming vacuoles, then dissolving (in F) ; f> a branchlct of tho 
protoplasm from which the mass b' is detaihed, this mass isointed in /), dissolved in F; c and c' behave in a similar manner; 
6 shows the further changes of the part c" in F. A a freshly escaped mass of protoplasm, rounded off into a sphere, the chlorophyll- 
granules lying all together in the inside; a hyaline layer of protoplasm envelopes the whole as a skin. 

when they increase in size that the interior granular substance makes its appearance 
in them. This is more clearly the case in the masses of protoplasm that escape into 
water from the injured filaments of Faucheria , which often instantly become rounded 
into globular bodies, but not unfrequently show the amoeboid movement of plasmodia 


at a later stage ; they arc somewhat longer, the full extremity of each being terminated by a knob; 
as development proceeds the cilia become longer and the knobs become smaller in proportion to the 
increase in length, until the final hair-like form is reached. As long as the swarm-cell is in contact 
with the mother-cell-walls, the cilia arc closely adpressed to the surface of the ectoplasm, with their 
apices directed forwards. The secretion of a cellulose envelope is closely and even inseparably con- 
nected with the presence of an ectoplasmic layer. See Strasburgcr, Studien iiber Protoplasma, Jena 
1876; Vines in Quart. Journ. Micr. Sci. 1877, pp. 124-132.] 
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for as much as half-an-hour or an hour (Fig. 40). This interpretation of the skin 
is not at all opposed to the fact that it is denser than the inner and more watery 
substance. That the cohesion in each protoplasm-mass decreases from without inwards 
is shown by the greater mobility of the inner portion, especially with plasmodia, and 
also by the formation of vacuoles, which clearly depends on the collection of part of 
the water present in the protoplasm • round internal points in drops, presupposing 
that the cohesion is overcome at these points. The view that the hyaline homogeneous 
basis itself forms on each exposed surface of the protoplasm the skin destitute of 
granules, entirely agrees with the supposition that not only every vacuole in a pro- 
toplasm-mass, but also every thread of protoplasm which traverses the sap-cavity, and 
finally the sap-cavity itself, is also bounded by a skin, even if it be so thin that it cannot 
be seen when strongly magnified 1 . 

If the protoplasm is not enclosed in a cell-wall, the vacuoles are usually small and 
not numerous. If, on the other hand, a cell-wall is formed, and if the cell g rows 

rapidly, this is always accompanied by an 
increase in number and size of the vacuoles 
(Fig. t, p. 2). This not unfrcqucntly leads 
to a frothy condition of the protoplasm where 
the vacuoles are separated onJy by thin lamellae 
of that substance (Fig. 41, J); but in othe r 
cases the inner protoplasm-mass of a cell 
breaks up into smaller portions, each of which 
encloses a large vacuole surrounded by a thin 
skin of protoplasm (Fig. 41, B> b ). These 
are the 'Sap-vesicles' which are so com- 
mon, and which sometimes enclose granules 
of chlorophyll and other substances, and thus 
resemble cells ; they are not uncommon in the 
flesh of berry-like fruits, and in tissues with 
mucilaginous juices. If the rapidly growing 
cell does not form new protoplasm as the size 
of the cell and the amount of sap increase, 
the quantity of protoplasm decreases ; and not 
unfrequently it forms a thin sac not im- 
mediately visible, lying between the cell-wall 
which it lines and the cell-sap which it in- 
vests, and becoming visible only by means of 
reagents that remove the water and separate 
the protoplasm-sac — the Primordial Utricle of 
Mobl 2 — from the cell wall by contraction (Fig. 41, C, />). The significance of this thin 
protoplasm- sac, and its production owing to the increase in number and size of the 
vacuoles in an originally continuous protoplasni-mass, will no longer be doubtful to 
the reader after all that has been said in Sects. 1, 2, and 3, and by comparison of 
Fig. 1 with Fig 41. 

In young cells, where the protoplasm still forms a thick layer or a net-work per- 
meated by vacuoles, its substance— with the exception perhaps of the outermost layer 
lying on the cell-wall— appears to be always engaged in a * streaming * movement, which 
is however usually very slow. In many mature and large cells, which do not serve 
for the storing up of assimilated materials, and where the protoplasm-mass is sufficiently 
nourished, and does not, as the cell increases in size, contract to a mere thin skin, 



1 Ki. 41. ] 1,11ns of the protoplasm contained lu cells 

.1 and />’ of maize; .7 cells fiom the first leaf-sheath of 
a trenmnatiiitf plant ; 7 ? from its first interim 1c ; C from the 
tuber of the Jerusalem artichoke, after action of iodine 
and dilute sulphuric acid; ft fell-wall; £ nucleus ; / pro- 
toplusiu (primordial utricle). 


1 See Hanstein, Die Bewegungserischeinung des Zellkerns, u. s. w. in Sitzungsbcrichteder nieder- 
rlieinischen Gesellschaft zu Bonn, Dec. 19, 1870, p. 224. 

2 [II. von Mohl, Bot. Zeitg. 1844, p. 273.] 
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this condition is permanent. If the whole protoplasm-mass withdraws to the cell- 
wall, enclosing a single large vacuole (the Sap^cavity of the cell), all the particles of 
protoplasm, flowing in one direction, may form a continuous broad current encircling 
the cell (rotation), the direction of which is always such as to describe, the longest 
course round the cell-cavity (Nageli). Examples occur in Characeae, and in many 
other submerged water-plants, as Vallisneria , Ceratopbyllum , Hy dr ill a, and root-hairs of 
Hydrocbarh ; the globular nucleus, when present (in Characeae it soon disappears), is 
carried along with the current. The protoplasm-mass which encloses a large sap-cavity 
may, however, possess a net-work of ridge-like prominences, the substance of which 
flows in different directions; the nucleus may then either remain at rest and form 
the centre of movement, or be carried along with the current. Cases of this kind 
occur tolerably frequently in the hairs of land-plants, as in the stinging hairs of the 



FIG. 4 a.— A stellate hair on the calyx of the young flower hud of the hollyhock ; thicker ridge, of protoplasm project into the 
sap-cavity of each cell; these arc in ‘ streaming * motion (indicated by the arrows). B epidermis (</») with the basal portion of 
a mature stellate hair, showing the structure of the wall (X 550). 

stinging-nettle, and the stellate hairs of the hollyhock. But threads of protoplasm 
which exhibit these currents may also penetrate the sap-cavity of the cell ; not un- 
frequently (e.g. Spirogyra , hairs of Cucurbita) the nucleus then lies in the centre, 
enveloped by a mass of protoplasm, the threads uniting it with the layer which 
clothes the cell- wall. These threads, stretching across the sap-cavity, arise from the 
thin lamellae of protoplasm which in young quickly-growing cells separate adjoining 
vacuoles; when these finally flow together into a single sap-cavity, the thicker parts of the 
lamellae (Fig. x, B , p. 2) remain as threads, forming a more or less irregular net-work, 
which at first corresponds to the coalescent vacuoles, but which undergoes further 
changes of form as the cell continues to grow, and in consequence of the internal 
movements of the whole protoplasm. New threads also make their appearance ; ridge- 
like portions arise from the peripheral protoplasm, or even on the thicker threads, and 



44 


MORPHOLOGY OF THE CELL. 


finally become detached, leaving the two ends of the new thread united with the rest 
of the protoplasm ; they do not grow up as branches with one free extremity. 
(Hanstein, /. c. p. 221.) Some of the threads also disappear, the two ends remaining in 
connexion with the rest of the protoplasm and coalescing with it. The threads form, 
with the central mass of protoplasm which contains the nucleus and the layer which 
clothes the cell-wall, a connected system, portions of which may change their position 
with respect to one another. 

Besides these displacements — in consequence of which the parietal protoplasm accu- 
mulates or diminishes at any one spot, and the mass of protoplasm in the cell-cavity 
which contains the nucleus wanders about, and alters accordingly the grouping and form 
of the threads — under high magnifying power another form of movement comes into 
view, which is undoubtedly connected with the former, although the exact mode is 
unknown. In the parietal protoplasm and in the mass which contains the nucleus, 
but most distinctly in the threads, the minute granules — generally of chlorophyll — 
are to be seen in a * streaming ’ motion, which, under high magnifying power, 
may even appear very rapid. It must not, however, be overlooked that when 
the cell is magnified, say five hundred times, the rapidity of the motion is also ap- 
parently increased five hundred-fold. Within even a very slender thread, the granules 
near one another not unfrequcntly flow in opposite directions. Chlorophyll-granules 
often appear to be in motion on the surface of slender threads; it may nevertheless 
be assumed with certainty that they also are enclosed in the substance of the thread ; 
but, being very prominent, are covered by only a very thin lamella of it. 

Those movements of protoplasm which produce changes in the internal grouping 
of the protoplasm of the cell may be compared to the displacements of the mass 
which, in the case of naked Amoebae, change the external contour, and cause its 
creeping motion. In the case of circulating protoplasm, the firm cell-wall hinders the 
change of contour, as well as the change of place of the whole mass; but the large 
sap-cavity allows of internal changes of position of larger or smaller portions. The 
‘streaming’ movement, which is visible by means of the imbedded granules, occurs 
in the creeping naked protoplasm of the Amoeba: as well as in that enclosed in a 
cell- wall. 

(c) The Nucleus. That the nucleus, which is never absent from Muscineae and Vascular 
plants, but more often from Thallophytcs, is a product of differentiation of the proto- 
plasm, is sufficiently evident, not only from its chemical behaviour (vide supra , under a), 
but also from its participation in the processes of cell-formation (see Sect. 3). On 
the other hand, it must be borne in mind that, once formed, it constitutes a character- 
istically organised portion of the cell, which, to a certain extent, has a mode of 
development of its own. At first the nucleus is always a homogeneous roundish pro- 
toplasm-mass; subsequently its surface becomes firmer without taking the form of a 
special skin ; in the interior there appear usually two or three (sometimes more) large 
granules, called Nucleoli , which, however, arc often wanting. The nucleus has, at the 
time of its origin, generally already attained its permanent size, or nearly so ; its growth 
is never proportional to that of the cell; while in young tissue-cells (Fig. 1, p. 2) it 
usually occupies a large portion of the cell-cavity, in mature cells its mass is progressively 
smaller in proportion to that of the whole cell. Its further development consists 
in its obtaining a firmer outer layer, and in the formation of small vacuoles and 
nucleoli ; only rarely does it grow for a longer time ; its substance may become 
frothy from the further formation of vacuoles, and sometimes it exhibits a circulation 
in the interior of the firmer enveloping layer, as in a cell 1 . The nucleus always 
remains enclosed in the substance of the protoplasm ; if this latter forms vacuoles, or 
developes the circulation already described, the nucleus remains enveloped in a coating 

1 In young hairs of Hyoscyamus niger , according to A Weiss in the Sitzungsberichte dcr kais. 

Akadcmie dcr Wissenschaften zu Wien, vol. LIV, July 1866. 
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or mass of protoplasm which is connected with the parietal protoplasm-sac by the 
lamellae lying between the vacuoles or by the threads. The nucleus apparently follows 
passively the movements of the protoplasm in which it is enveloped ; it also undergoes 
changes of form under the pressure and traction of the moving mass beneath the 
eye of the observer. ‘ During the movement,’ says Hanstein (/. r. p. 226), ‘the 
bands of protoplasm are very tightly stretched, so that the envelope of the nucleus is 
drawn out into sharp angles. It looks as if the nucleus (with its envelope) were 
towed about like a ferry-boat by ropes. But since during this towing the bands 
alter their direction and form, it is evident that the envelope of the nucleus must 
also change its form. But not only the envelope, but also the nucleus itself, does 
this; this latter is never spherical or of any regular form during its movement, but is 
irregularly elongated, and usually in the direction of its motion at the time.’ This 
change in the form of the nucleus may also be recognised from the displacement of 
the nucleoli within its mass. 

Sect. 6. The Chlorophyll-bodies and similar Protoplasmic Structures 1 . 

• — Chlorophyll, the green colouring matter so generally distributed through the 
vegetable kingdom, is always united to definite portions of the protoplasm mass 
of the cells in which it is found ; these green- coloured portions of protoplasm 
may, in contradistinction to the colouring matter itself by which they are tinged, be 
designated Chlorophyll-bodies . Every chlorophylbbody consists then of at least 
two substances, the colouring matter and its protoplasmic vehicle; if the former 
is removed by alcohol, ether, chloroform, benzin, or essential or fatty oils, the latter 
remains behind colourless. The colouring matter contained in each chlorophyll- 
body is itself only extremely small in quantity ; after its removal the protoplasmic 
basis retains not only its form but also its previous volume. The latter is always a 
continuous soft substance containing extremely small vacuoles, in which the colouring 
matter is generally distributed universally, though not always uniformly. 

Chlorophyll-bodies arise in the young cells by the separation of the pro- 
toplasm into portions which remain colourless and others which become green and 
sharply defined. This may be due to very small particles of a somewhat different 
nature either originally existing or being produced in the previously homogeneous 
protoplasm, and which collect to form distinct masses. The chlorophyll-bodies 
which arise in this manner always remain imbedded in the colourless protoplasm 
in a similar manner to the nucleus ; they are never in immediate contact with 
the cell-sap. Their chemical and physical properties distinctly show that their 
colourless basis is a substance altogether similar to protoplasm. The chlorophyll- 
bodies consequently always behave as integral parts of the protoplasm ; and this 
is especially evident in the division of cells, conjugation, the formation of swarm- 
cells, &c. But the chlorophyll-bodies, when once formed, grow; and if they 
possess roundish forms they may increase by division. Both processes appear always 
to depend on the growth of the protoplasm-mass in which they are imbedded. 


1 H. von Mohl, Bot. Zeitg. nos. 6 and 7, 1855; [Ann. des Sci. Nat. vol. VI, 1856, p. 139] 
— A. Gris, Ann. des Sci. Nat. 4th Ser. vol. VII. 1857, p. 179.— Sachs, Flora, 1862, p. 129; 
1863, p. 193. Sachs, Handbuch der Exper. Physiol, der Pflanzcn, § 87, Leipzig 1865. — Hofmcistcr, 
Die Lehre von der Pflanzenzclle, § 41, Leipzig 1867. — Kraus, Jahrb. fur wisscnsch. Bot. VIII. 
1871, p. 1 31. [Ditto, Zur Kenntniss der Chlorophyllfarbstofie u. ihrer Verwandten. Stuttgart 1872. 
— For Sorby’s researches on chlorophyll see Book II. chap. 3. sect. 8.] 
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It is only in the Algae that the forms of the chlorophyll-bodies show much 
variety. In them it is frequently the case that the whole protoplasm -mass, with 
the exception of an outermost layer or a little more than this, either appears 
homogeneously green (as many swarm-cells, Palmellaceae, gonidia of Lichens) ; or 
the chlorophyll- bodies assume stellate forms (e.g. Zygnema cruciatum , Fig. 43), 

or they form several lamellce with a stellate 
transverse section when the cell is cut across 
(as in Closterium , &c.), or straight or spiral 
bands (e.g. Spirogyrd). But in most Algae, 
and in all Muscinea? and Vascular plants, the 


43.— A cell r ‘f Zygnenut crtu uifutn, witli two 
chlorophyll-hodics which are suspended In the 
>f the cell ; they are united by a colourless bridge 

plasm in whu h lies a nucleus . the mys which fuim termed Chlorophyll-granules . Generally a 

n with the primordial utncle arc nearly cotouriess is o j 

in the middle, in e;uh «»f the two chiorophyii-bodies large number ate contained in one cell ; some- 

Ites a lartfc starchyr.iin (x 530). 0 7 

times, however, only a few relatively large 
ones (e.g. Selaginelld ), and in one of the Hepaticae of simplest structure (Anthoceros) 
only a single chlorophyll-granule exists in each cell, enclosing the nucleus; this 
therefore, when the cells divide, itself also divides in a corresponding manner. 

With extremely few exceptions Starch-grains arise in the homogeneous 
substance df the chlorophyll-bodies, and, where these have special forms, are 
distributed in definite places (see, e.g., Fig. 5, p. 10); they are produced, in larger 
or smaller numbers, in the interior of ordinary chlorophyll-granules. They are 
at first visible as points, gradually increase in size, and finally may so completely 
fill up the space of the chlorophyll-granule that its green substance is represented 
only by a fine coating on the mature starch-grain; even this disappears under 
certain circumstances (as in old yellow leaves of Pisum sativum or Nicotiand), and 
the starch-contents then lie in the cell, which now contains no protoplasm, in the 
place of the chlorophyll-granules. Sometimes drops of oil also form in the interior 
of the chlorophyll-body (e. g. in the bands of Spirog)ra) ; and here and there 
granular contents of an unknown nature are observed. All these structures which 
arise in the chlorophyll -bodies are, however, not constant portions of them; their 
appearance and disappearance depend entirely on light, temperature, and other 
circumstances; the appearance of the chlorophyll-bodies themselves is also bound 
up with these conditions of life, to a description of which w 7 e shall recur in Book III, 
where it will be shown that chlorophyll is one of the most important elementary struc- 
tures, and that its contents are the products of its assimilation. The consideration 
of these and other purely physiological properties of chlorophyll must be deferred 
till then. Sooner or later, in the normal course of things, the chlorophyll-bodies 
are again absorbed ; this occuts in the most conspicuous manner at the time when 
the leaves of the higher plants are preparing for their fall; for instance, in the 
case of most of our native trees and shrubs, in the autumn. The wdiole proto- 
plasm-mass — and with it the chlorophyll-granules from the cells of the leaves about 
to fall — is then absorbed and transferred to the perennial persistent structures. 
The phenomena which accompany this process vary greatly; but finally there 
remain in the cells filled with water and often with acicular crystals, a number 
of yellow glittering granules which bear no resemblance to chlorophyll; if the falling 


chlorophyll-bodies are rounded or polygonal 
masses collected around a centre, and are 
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leaves are red, this depends on a substance dissolved in the sap ; but in this case 
also the yellow granules are to be found. 

The presence of chlorophyll in tissues is not always to be recognised by the 
naked eye. Sometimes the cells that possess chlorophyll contain a red sap; in 
other cases the green tissue of the leaves is covered by an epidermis with red sap, 
as in young plants of Atriplex horiensis ; in this case, if the coloured epidermis 
be removed, the green tissue may be recognised. But in Algae and Lichens we 
find that the chlorophyll -body of the cell itself contains, in addition to the green 
colouring matter, a red, blue, or yellow substance soluble in water; the fresh 



Fir,. 44.— Transverse section through a leaf of Sclcigttirlla i/t/iy* folia 
X S*jci). A in the middle, B at the margin ; ch the chlorophyll granules ; visible 
in them arc the small st arch -grains ; tu the lower epidermis; eo the upper 
epidermib ; / an air-cunducting intercellular space ; sf stomata. 



Fit;. 45.— Chlorophyll-granules of Funaria hyjrrometrica (V 550), A cells of a mature leaf, seen from the surface; the chlorophyll- 
granules lie in a parietal layer of protoplasm, in which the nucleus Is also imbedded ; they contain starrh-grains (left white). B single 
chlorophyll-granule containing starch ; <* a young one. b an older one, A' and b» granules in the act of division; c, d. e old chlorophyll- 
granules, the starch-grains of which take up the spac? of the chlorophyll; / a young chlorophyll-granule swollen up in water; ^ the 
same aflLr longer action of the water; the chlorophyll Is destroyed, the starch-grains which it contained remaining behind. 


chlorophyll-body appears then, by the admixture of the chlorophyll contained in 
it with these substances, verdigris green (Oscillator id, Pelligera canina , &c.), a fine red 
(Florideoe), brown (. Fucus , Laminaria saccharina ), or buff (Diatoinaceae). (See Book 
II., Algae.) 

From this are to be distinguished those cases in which the originally green 
chlorophyll-granules assume a red or yellow colour from the alteration of their 
colouring material, a phenomenon which, from its physiological bearings, I have 
termed Degradation of chlorophyll. Thus the green bodies in the walls of the 
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antheridia of Mosses and Characeae become, at the time of fertilisation, of a 
beautiful red; in ripening fruits ( Lycium bar ba rum, Solanum pseudo-capsicum , &c.), 
the change of colour from green to yellow and red depends also on a similar loss 
of colour of the chlorophyll -granules, accompanied by a breaking up into angular 
forms with two or three points (Kraus, L c.). Nearly related to the chlorophyll- 
granules are the vehicles of the yellow colouring materials to which many petals 
owe their colour (e. g. CucurbiLx). The occasional blue ( Tillandsia amocna) or brown 
and violet bodies ( Orchis Morio) are much further removed from this type, although 
they also have a basis similar to protoplasm, which is tinged by a colouring material, 
in these cases soluble in water. 

(a) The Substance of the Chlorophyll-bodies is, irrespectively of the contents referred 
to, destitute of those fine granules which are so generally distributed through colourless 
motile protoplasm. In spite of their sharply defined form they are very soft and 
greasy when crushed; when they come into contact with pure water, vacuoles are 
formed, which at last burst through the green substance as hyaline bladders. Young 
chlorophyll-granules may thus become converted into delicate bladders, in which the 
starch-grains remain ; old grains have much greater consistence. After extraction of 
the green colouring matter out of true chlorophyll-bodies, e . g. the bands of 
Sptrogyra or granules of Allium Cepa, the remaining colourless basis possesses greater 
power of resistance, is coagulated, and shows all the reactions of protoplasm already 
mentioned.^ 

(b) The Origin of the Chlorophyll-bodies has at present only been directly observed 
in the granular forms; it can to some extent be compared with the process of free 
cell-formation. Round centres of formation within the protoplasm small portions of 
it collect in defined masses; if the centres of formation are at a considerable dis- 
tance from one another, the chlorophyll-granules become round (as in the hairs 
of Cucurbita ); but if they are large and lie close to one another, they are at 
first polygonal, as if flattened by pressure. The process then resembles the formation 
of numerous small swarm-cells in a single cell of Achlya (Fig. 9, A , p. 13); only that 
in this latter case colourless protoplasm always continues to lie between the green 
portion, as in the parietal chlorophyll of the leaves of Phanerogams. If a mass of 
protoplasm collects round the central nucleus during the formation of chlorophyll, 
the granules arc often formed in its neighbourhood; they may then revolve with the 
protoplasm in the ceil, or afterwards assume definite positions. In the filamentous 
Alga; with apical growth (e. g. Vaucheria , Bryopsis ), they are produced in the colourless 
protoplasm-mass of the growing end of the filament, and then remain closely 
applied to the wall. In ripe spores of Osmunda regalis the chlorophyll surrounds the 
nucleus in the form of amorphous cloudy masses, which, however, separate on germi- 
nation as ovoid granules, at first weakly defined, afterwards more sharply (Kny). In 
those cells of young leaves of Phanerogams which contain chlorophyll (cotyledons 
of the sunflower, primordial leaves of Phaseolus , buds of the tubers of the Jerusalem 
artichoke, &c.) a definite layer of hyaline protoplasm devoid of granules is to be observed, 
close to the cell-wall, in which the chlorophyll-granules are subsequently formed ; here the 
appearance is sometimes presented as if the mass were cut up into polyhedral pieces. 
The formation of the chlorophyll-granules is not always contemporaneous with that 
of its colouring matter ; they may be at first colourless (as in Vaucheria or Bryopsis, 
according to Hofmeister) or yellow (in the case of leaves of Monocotyledons or 
Dicotyledons imperfectly exposed to light or in process of development), and be- 
come green at a subsequent period; in the cotyledons of Coniferae the green colour 
appears contemporaneously with their origin even in the dark when the temperature 
is sufficiently high, as also in Ferns. The chlorophyll-granules, after assuming their 
green colour, grow by intussusception to many times their original size; if they are 
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parietal, their growth in length and breadth is generally proportional to that of the 
cell-wall and protoplasm in which they lie. But if the growth of the cell is very 
considerable, the growing parietal chlorophyll-granules divide ; this takes place by bipar- 
tition, in a direction at right angles to the longest diameter, into two secondary granules 
usually equal in size. If it contained small starch-grains before the division, these 
arrange themselves round the centres of the newly formed granules. These processes 
are inferred from the increase of the number of granules on the one hand, and from 
the frequent occurrence of constricted hour-glass- shaped forms on the other. After 
this bipartition had been discovered by Nageli in Nitella , Bryopsis, Valonia , and in the 
prothallia of Ferns, it was subsequently noticed in all the families of Cryptogams which 
form chlorophyll ; among Phanerogams also it appears widely distributed ; it was dis- 
covered by Sanio in Peperomia and Ficaria, subsequently by Kny in Ccratophyllum , 
Myriophyllum , Anacharis, Utricular ia, Sambucus , Impatient , &c. In cells of the prothal- 
lium of Osmunda exposed to feeble light and containing but little chlorophyll, Kny 
states that moniliform rows of chlorophyll -granules are produced by repeated bipartition, 
which, like the chains of cells of Nostoc , continue to elongate by intercalary divisions ; 
branching takes place also, in a manner similar to that which occurs in Nottoc , some 
of the chlorophyll-granules increasing in size transversely, and producing branch-rows 
by division. 

(c) With reference to the Internal Structure of the Chlorophyll-bodies, scarcely any- 
thing more can be said than that their outer layer often appears denser, and that the 
proportion of water increases towards the interior, the cohesion decreasing, as is apparent 
from the formation of vacuoles. A differentiation into intersecting layers of different 
density has only been once observed, by Rosanoff, in old chlorophyll-granules of Bryopsis 
plumosa . 

Sect. 7. Crystalloids 1 . — A portion of the protoplasmic substance of a cell 
sometimes assumes crystal-like forms ; bodies are produced which, bounded by plane 
surfaces and sharp edges and angles, possess an illusory resemblance to true crystals, 
even in their behaviour to polarised light ; but they are essentially distinguished from 
crystals by the action of external influences, and at the same time present significant 
resemblances to organised parts of cells. It is therefore legitimate to distinguish 
them by the term Crystalloids 2 proposed by Nageli. They are usually colourless, 
but sometimes act as vehicles of colouring matters (not green), which may be 
removed from them. Their substance exhibits all the more essential reactions 
of protoplasm, its power of coagulation and of taking up colouring matters, the 
yellow reaction with potash after treatment by nitric acid, as well as that with iodine. 
The solubility of different crystalloids is very different, as is generally the case with 
proteids. They are capable of imbibing water, and swell up enormously under 
the influence of certain solutions ; their outer layer possesses greater power of 
resistance than the inner more watery mass. Those crystalloids which have been 


1 Hartig, Bot. Zcitg. 1856, p. 262. — Radlkofer, Ueber die Krystalle proteinartiger Korper 
pflanzlichen und thierischcn Ursprungs, Leipzig 1859.— Maschke, Bot. Zeitg. 1859, p. 409. — Cohn, 
Ueber ProteUnkrystalle in den Kartoffeln, in the thirty seventh Jahrcsbericht der schlesischen Gesell- 
schaft fur vaterland. Cultur, 1858, Breslau. — Nageli, Sitzungsberichte der k. bayer. Akademie der 
Wissenschaften, 1862, p. 233. — Cramer, Das Rhodospermin, in the seventh volume of the Viertel- 
jahrsschrift der naturforsch. Gesellschaft in Zurich.— J. Klein, Flora, 1871, No. 11. — Kraus, in 
Jahrb. fur wissensch. Bot. vol. VIII, p. 426. 

2 [The term ‘ crystalloid’ is, in another portion of this work, used in a different sense, to express 
any substance capable of crystallisation ; see Book III. Chap. i. Sect. 1.] 
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most carefully examined consist of a mixture of two ingredients of different 
solubility; the two are so combined that when the more soluble is slowly remove , 
the less soluble remains as a skeleton (Niigeli). 

Their form varies greatly in different plants; they appear as cubes, tctrahedra, 
octohedra, rhoinbohedra, and in other forms; usually, however, their crystallographic 
characters cannot be exactly defined, a consequence of their small size and of the 
inconstancy of their angles. 

In the rapidly growing organs of flowering plants they are known only in 
Lalhrira squamaria 1 ; more commonly they are produced in cells where large 
quantities of reserve- materials are collected which are only turned to use at a later 
period. The crystalloids themselves appear to be a form of protoplasmic structure 
especially adapted for a dormant condition (as in potato-tubers and many oily 
seeds) ; they are seldom found in cells which contain sap (potato-tubers), but more 
often in cells which do not contain it, and especially in oily seeds. Crystalloids 
containing colouring matters are found in petals and fruits. Sometimes they are 
formed only after the action of alcohol or a solution of sodium chloride on the 
plants externally or internally (Rhodospermin). 

The crystalloids of potato-tubers are imbedded in the protoplasm ; those that 
are widely distributed in the tissues of Lathrcca squamaria are contained in great 
numbers in* the interior of the nucleus ; those found in oily seeds are generally 
enclosed in aleurone-grains. 

The crystalloids discovered by Cohn in the tubers of the potato arc convenient for 
observation; they are found very abundantly in some kinds, in others less frequently, 
in the parenchymatous cells which contain but little starch beneath the skin but 
tolerably deep in this tissue, lying enclosed in the protoplasm. Generally they are in 
the form of perfect cubes (less often of derivative forms, as tctrahedra). Those found 
by Radlkofer in the nucleus of the cells of Lathrcca squamaria lie together in great 
quantities ; they have the form of thin rectangular plates ; sometimes they have rhombic 
or trapezoid forms ; Radlkofer thinks it most probable that they belong to the rhombic 
system. In these cases they may be seen in sections without further preparation, and 
their relation to their surroundings is clear. The case is different with the crystalloids 
of oily seeds enclosed in aleurone-grains ; I shall recur to their properties, and will only 
mention that from the brazd-nut they are obtained in quantities by washing the crushed 
oily parenchyma by oil or ether, the crystalloids settling dow'n in the form of a fine 
powder; in sections but little can be made out. They were carefully investigated in 
the isolated state by Niigeli ; according to him they appear rhombohedral, octohedral, 
or tabular; but it is uncertain whether they belong to the hexagonal or the klino- 
rhombic system. Dried and then placed in water, they alter their angles about 2 0 or 3 5 ; 
in potash solution they swell strongly and alter their angles 15 0 or 16°. By weak .acids 
and dilute glycerin a substance is extracted, and a weak skeleton with firmer skin 
remains behind. The crystalloids in the cells of the endosperm of Ricinus communis 
are, like all crystalloids, insoluble in water, and are easily seen when thin sections of the 
tissue are laid in water, which destroys the substance surrounding the crystalloid, and 
sets it free. They frequently take the form of octohedra or tetrahedra, less often of 
rhombohedra; but the system is not certainly determined. The crystalloids which 
contain colouring matters were first detected by Niigeli in an imperfect form in the 

x [According to Prillicux, the brown colour of Neoitia nidus-avis is clue to brown crystalloids 
which assume a green colour when the plant is immersed in alcohol or boiling water ; see Ann. des 
Sci. Nat., 5th ser., vol. XIX. p. 108.] 
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petals of Viola tricolor and Orchis, and better developed in the dried fruits of Solanum 
amcricanum ; in the latter case they form in the large parenchymatous cells clusters of 
a deep violet colour; the separate crystalloids are thin rhombic plates, often with 
truncated angles, &c. According to Nageli the crystalline form is the rhombic prism in 
a very abbreviated tabular shape ; the six-sided plates are composed of six simple ones. 
In pure water they remain unchanged ; alcohol extracts the colouring matter, as also do 
dilute acids ; both leave, after long treatment, a very slight skeleton which is capable of 
swelling, while the whole crystalloid does not swell ; Nageli states that the crystalloid 
consists of a very small quantity of albuminous and a large quantity of another substance, 
with some colouring matter. 

Crystalloids of albuminous substance have also been found in red marine Algae 
(Florideac) and in one F ungus. Cramer observed the first case of this kind ; in speci- 
mens of Bometia secundiflora which had lain a long while in solution of sodium chloride, 
as well as in specimens in alcohol of Callithamnion caudatum and seminudum , he found 
hexagonal plates and prisms with all the properties of crystalloids, and coloured red by 
the colouring matters of the Algae. They were found in the vegetative cells as well 
as in the spores. In sodium chloride preparations of Bometia octohedral crystalloids 
were found also, apparently belonging to the klino-rhombic system; they were colour- 
less. In living plants of the same Alga, Cohn also discovered colourless octohedral 
crystalloids which absorb the red colouring matter expelled from the pigment-grains. 
Within and without the cells of Ceramium rubrum preserved in sea-water with glycerin, 
klino-rhombic prisms formed, coloured red by the expelled pigment ; they are clearly, 
like the hexagonal crystalloids observed by Cramer, produced only after death, while the 
colourless octohedra are to be found in the living cells. Finally, in dried specimens of 
other Kloridese, Griff ths'ta bar bat a, G. neapolitana , Gongroceras pellucidum, and Callithamnion 
seminudum , Klein observed colourless crystalloids of a different form. These bodies 
may all be comprised in the name first given by Cramer, — Rbodospermin. In the 
sporangiophores of Pilobolus Klein also found colourless octohedra of tolerably regular 
structure with the properties of crystalloids. 

Sect. 8. Aleurone- Grains \ — The reservoirs for reserve material contained 
in ripe seeds, /. e. in the endosperm or the cotyledons of the embryo, always contain 
considerable quantities of proteids, together with starch or oily matter. If they 
contain much starch, as in Grasses, Phaseolus , Vida, the oak, horse-chestnut, 
Spanish chestnut, &c., the proteid, which only contains very little oily matter, 
occupies the interstices ; it then consists of small or even minute granules, as 
shown in Fig. 46. In oily seeds, on the other hand, in place of the starch-grains 
are found granular roundish or angular structures (Fig. 47), sometimes not dissimilar 


1 These structures were discovered by Hartig (Bot. Zeitg. 1855, p. 881, and described in detail 
but imperfectly {ibid. 1856, p. 257; [Ann. des Sci. Nat., 1856, vol. VI. p. 325]); further researches 
were undertaken by Ilolle (Neues Jahrb. dcr Pharmacic, vol. X. 1858) and Maschkc (Bot. Zeitg. 
1859), All these observations left undecided the relationship of the grains to the surrounding 
matrix ; it appeared to be assumed that in oily seeds the matrix consists of oil only. In the first 
and second editions of this book I opposed this view, and pointed out that the matrix in the cells 
of oily seeds consists of a mixture of oil and proteids, or rather, of a very oily protoplasm; on 
the other hand I fell into the error, partly in consequence of the use of diluted ether, of considering 
the aleurone-grains themselves as a compound of proteids and oil. This error has been refuted 
by Dr. Pfeffer’ s recent researches, commenced in the Wiirzburg laboratory, where 1 had the oppor- 
tunity of seeing numerous preparations which were decisive as to the principal question. Dr. Pfeffer 
had the kindness to communicate to me a detailed account of his labours; what I have said above 
follows his views tolerably closely. See Pfeffer, in Pringsheim’s Jahrb. lur wissens. Bot: vol. VIII. 
p. 429. 
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to starch-grains in their appearance, and surrounded by a more or less homo- 
geneous matrix, which, as closer investigation shows, consists, according to the 
oiliness of the seed, of more or less oil combined with proteids. The grains 
themselves, on the other hand, consist, independently of certain enclosed matters, 
of proteids. 

In the aleurone-grains the proteid itself must be distinguished from the 
enclosed substances. The latter are either crystals of calcium oxalate, or non- 
crystalline, roundish, or clustered granules, known as Globoids . These are a double 
calcium and magnesium phosphate, in which the latter base is greatly in excess. 



Fir.. 47. — Cells from tlie cotyledon In a ripe seed of Lupittus varinr ; si in an alcoholic solution of Iodine ; Jt after deduction 
of the aleuroiie-grams by sulphuric and; e the cell-wall; p the protoplasmic matrix, tontaming but little oily mutter \ y the 
aleurone-giains ; a drops of oil expelled from the matrix by the action of the sulphuric acid; m empty spaces from which the 
alcurrmc-graius have been dissolved ix 800). 


The whole proteid is sometimes amorphous, and in that case is not doubly 
refractive; or the greater part, with the enclosed substances already named, is 
developed into a crystalloid (Sect. 7), and this, surrounded by a thin amorphous 
envelope, constitutes the aleurone-grain. (Fig. 48.) 

The proteids are all insoluble in water; neither alcohol nor water extracts 
anything from them. The grains which contain no crystalloids dissolve in water 
entirely (P&onia), partially ( Lupittus ), or not at all ( Cynoglossum ). But all dissolve 
completely in water containing only a trace of potash. With careful treatment there 
always remains behind a membrane surrounding the grain, which behaves like 
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coagulated albumen ; but it may be a yet unknown proteid. With aleurone-grains 
containing crystalloids, after careful solution, a similar membrane remains, but the 
crystalloid itself also leaves behind one of the same kind ; this occurs also in the 
solution of globoids in acetic or hydrochloric acid, and reminds one of the similar 
behaviour of true crystals of calcium oxalate. 

The crystalline enclosures of calcium oxalate occur as clusters, distinct crystals, 
and needles, but are not commonly met with. 

The globoids, on the other hand, are never absent 
from aleurone-grains; when they are accom- 
panied by crystals, it is almost always the case 
that the grains of one cell contain only globoids, 
those of another only crystals, as in Silybum 
marianum , and all Umbelliferae that have been 
examined. There occur however exceptions ; 
in the grape-vine a globoid forms itself round 
a crystal or a cluster of crystals. The globoids 
are soluble in all inorganic acids, and in acetic, 
oxalic, and tartaric acid, but not in dilute 
potash. 

The globoids, like the crystals, may occur 
in an aletirone-grain singly or many together; 
in the latter case they are small, and even too 
minute to -be measured, but arc then present 
in enormous numbers in one grain, e.g. Lu - 
pin us luteus f L. polyphyllus , Delphinium Requieniiy &c. Large globoids surrounding 
crystals occur singly, the largest in the grape-vine. Pfefler found crystals accom- 
panying crystalloids only in JEthusa Cynapiwn. The enclosed substances are usually 
absent from very small aleurone-grains. 

In some seeds there is in each cell one alcurone-grain distinguished from the 
others by its size (‘Solit&r’ of Ilartig), both when crystalloids are present and 
when they are absent ( Elaeis, Myrisiica, Vi /is, Lupinus lu/eus); it may be dis- 
tinguished by its enclosed substances. Thus in Lupinus lu/eus it contains a tabular 
crystalloid ; the other surrounding grains only small and numerous globoids. In 
Silybum a cluster of crystals lies in one large grain, in the others a number of 
needle-shaped crystals. In other cases the enclosed substances are similar, as is 
the case with the globoids, which are merely larger in the large grain. 

The crystalloids are tolerably widely distributed in aleurone-grains, although 
the greater number of seeds are destitute of them. They are not, however, cha- 
racteristic of natural families, but may be present or absent in members of the 
same family; thus among palms, Sabal Adansonii is without, Elaeis guineensis has 
crystalloids ; in the same manner all Umbelliferae w'hich have been investigated want 
them except JE/husa Cynaptutn . In other cases all seeds of the same family appear 
to contain crystalloids, as in the Euphorbiaceae, among which Ricinus supplied the 
first example of fine crystalloids in the aleurone-grains. 

The matrix which surrounds the grains of aleurone in oily seeds is, as has 
been mentioned, always a mixture of oily matter and proteids, but the proportion 



1**IG. 4 ^. — Cells from the endosperm of 11 ten; us 
communis (x Boo). A fresh, m undiluted glycerin, B in 
dilute glycerin, <L warmed in glycerin, l) afier treat- 
ment with an alcoholic solution of iodine, the aleu* 
rone-jjMins are destroyed by sulphuric acid, the 
proteid remaining behind as a net-work. In the 
aleurone-grains the globoid limy be recognised, and 
in (/?, O the crystalloid. 
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of the latter may bp very small. Thus even in the castor-oil-plant and brazil-nut, 
where the matrix appears to consist entirely of oily matter, the albuminous constituent 
is quite discernible, as is shown in Fig. 48, Pfeffer succeeded most readily 
by extracting with an alcoholic solution of corrosive sublimate, and then colouring 
with anilin-blue dissolved in water. The matrix may be considered as the proto- 
plasm-mass of the cell, in which the water is replaced on drying by oil. But in 
addition it contains not only insoluble proteids, but other substances soluble in 
water rendered alkaline by potash. This composition of the matrix, together with 
the solubility of the amorphous mass of the aleurone-grains in water, are the cause 
of the complete loss of form which the cell-contents of oily seeds immediately 
undergo in water, as shown in sections under the microscope. In order to recognise 
their structure it is necessary to place fresh sections in undiluted glycerin, alcoholic 
solution of corrosive sublimate, oil, or concentrated sulphuric acid. 

The oily matter may also separate from the matrix in crystals, as Pfeffer has 
observed in the brazil-nut, Elaeis guineaisis , and the nutmeg. 

To the above may be added, from Pfeffer’s communication, some explanations con- 
cerning the more difficult points. 

(a) The substance of the aleurone-grains always consists, to by far the greater extent, 
of proteids, with which very small quantities of other vegetable substances arc usually 
or always ipixed which are difficult of detection. All aleurone-grains are absolutely 
insoluble in alcohol, ether, benzol, or chloroform 1 2 ; these reagents would dissolve oil 
(alcohol dissolves also glucose), if it were present, and would consequently alter the 
appearance of the grain. Some are insoluble in water (**.#. those of Cynoglosjum officinale ) ; 
those soluble in water 3 yield with corrosive sublimate in absolute alcohol a mercury- 
compound insoluble in water. Gum, pectinaccous substances, cane-sugar, and dextrin 
do not, under this treatment, yield an insoluble compound. Of all widely distributed 
vegetable substances, only proteids behave in this manner towards corrosive sublimate. 
Boiling the mercury-compound with water reproduces a proteid insoluble in dilute acids 
and alkalies. 

(b) In proving that the aleurone-grains of oily seeds contain no oil, we have already 
seen that it must be present in the matrix. The doubt which arises from the first 
glance at sections of oily seeds, whether the great mass of oily matter can find space 
in the interstices between the grains, can be settled by calculation ; for if spheres 
(the grains may be so regarded) are placed in an equal number of cubes forming 
part of one great cube, 47-6 p. c. of the cavity remains unoccupied; and if the 
spheres are distant from one another only about one-third of their radius, 69 7 p. c. 
of the cavity is left, and this is more than is sufficient in oily seeds to take up the 
oily matter. 

Immediate proof can be given of the existence of oil in seeds which contain it by 
the appearance presented by dry sections; if benzol is added, the matrix disappears, 
while small quantities of proteids remain. With alcoholic tincture of alkanet the matrix 
becomes of a deep blood-red colour if it contains a considerable amount of oil ; but if 
the oily constituents of the seed are very small, the evidence cannot be obtained in 
this manner. 

If the oil Is extracted from the sections by alcohol, and the aleurone-grains then 
removed by potash solution, a net-work remains behind in which the grains are replaced 


1 That I formerly cons’dered them soluble in ether, was the result, as Pfeffer showed, of the 
containing a small quantity of water. 

2 O11 the causes of the solubility in waterVe Pfeffer’s treatise already cited. 
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by cavities; with acetic acid and iodine the net-work assumes a yellow-brown colour 
(Fig. 47, E; 48 D ). In most seeds this net-work is very beautiful and comparable to 
a parenchymatous tissue ; in extremely oily seeds it often breaks up into fragments, the 
nucleus lying in it like a shrivelled ball. The threads of the net-work are composed of 
the insoluble proteids of the matrix and of the enveloping membranes of the aleurone- 
grains; although the net-work may exist without the latter if the grains have fallen 
from their places. 

(c) The Crystalloids of the aleurone-grains are insoluble in water ; they may therefore 
easily be isolated by treatment of sections with water, the amorphous portions of the 
grains dissolving, and any residue of cell-contents being destroyed ; they then show all 
the reactions and the different forms of the crystalloids mentioned in Sect. 7. But 
that they consist of two proteids and grow by intussusception Pfeffer thinks very 
doubtful. 

(cl) If sections of the endosperm of the peony are treated with alcohol containing a 
small quantity of sulphuric acid, and if, after washing, they are placed in water, the 
substance of the aleurone-grains (not containing crystalloids) is seen to be distinctly 
stratified ; but only a few firm and soft layers occur, the inner part of the mass being 
amorphous. Pfeifer's work should also be consulted here. 

(e) The Development of the aleurone-grains is thus described by Pfeffer. — Their 
formation does not commence till the seeds have attained their last condition of 
ripeness and the funiculus begins to dry up; in the turbid emulsion which now fills 
the cells, the enclosed substances, especially the globoids, are already formed, but 
not fully developed. As the seed loses water, the formation of mucilaginous proteid- 
masses commences, mostly surrounding enclosed substances ; these mucilaginous bodies, 
usually nearly globular, grow, their mutual distance thus decreases, and at last their 
differentiation is complete; the aleurone-grains, still consisting of mucilaginous sub- 
stance, are, distinctly separated from the still turbid matrix, which becomes clearer 
and clearer as the seed dries. The previously spherical or ellipsoidal grains become 
more or less polyhedral, especially in oily seeds which have but little matrix (e.g. 
Lupinus ). 

While the formation of the aleurone-grains is beginning, the protoplasm of the cell is 
only to be detected with difficulty in the turbid cell-contents; yet, on removing the 
oily matter by alcohol, it may be shown that it is present in the normal form ; some- 
times in the copious matrix of some seeds the dried threads of protoplasm may 
still be seen. In Lupinus luteus the crystal of calcium oxalate, which is after- 
wards enclosed by the largest grain, is already present before the formation of the 
aleurone-grains. Pfeffer was able to follow the development of the grains with remark- 
able ease in the peony ; in this case the seed, even when it has attained its full size, is 
entirely filled with large starch-grains, which become changed into oil only when fully 
ripe. The starch is not always, however, completely changed into oily matter. If the 
starch-grains in the seeds of the peony were not completely transformed, and the inter- 
mediate mass, almost devoid of oily matter but very rich in proteids, formed very 
small aleurone-grains, we should have what does actually occur in Phaseolus and in other 
seeds extremely rich in starch. There are, however, also seeds in which aleurone- and 
starch-grains occur in nearly equal quantities, but then always associated with oily 
matter. 

No conclusion as to the manner of growth can be deduced from the turbid 
condition of the cell-contents and the softness of the growing aleurone-grains. 
Nevertheless it can mostly be affirmed with regard to ripe grains, that they are softer 
towards the inside, and that, consequently, on the application of very dilute reagents, 
they dissolve from within outwards. Different facts appear, nevertheless, to show that 
no growth takes place by intussusception, as is the case with starch-grains. The 
origin of aleurone-grains is simply a dissociation, which arises from loss of water 
by the seed; and, on germination, the origifl^i fell-contents are again more or less 
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completely reconstituted by the union of the matrix with the substance of the aleurone- 
grains. 

Pfeffer followed out the formation of the crystalloids in Ricinus and Euphorbia sege- 
tum ; they arise nearly simultaneously with the globoids, at a rather early period, and 
both grow gradually, while the turbidity of the cell-contents at first somewhat increases. 
They lie, at an early stage, close to one another, and completely surrounded by the 
turbid mass; the vacuoles which Gris figures (Recherches sur la germination, PI. I, Figs. 
10-13) are the result of the disorganisation of the cell-contents. The crystalloids are 
from the first sharp-edged; and, as soon as their size permits their shape to be 
recognised, it agrees with the mature form. The envelopment of crystalloid and 
globoid by an amorphous coating does not begin till the crystalloids are mature and 
the seed has begun to dry. 

On germination the crystalloids dissolve as well from without as from within, till 
after the amorphous envelope has first disappeared ; their external membranes for a time 
persist, but gradually become invisible. The globoids also dissolve (no doubt in conse- 
quence of the acid reaction which the tissue assumes), and in the case of old seeds from 
the outside inwards. The aleurone-grains destitute of a crystalloid swell up, .and resume, 
on the germination of the seed, the form which they possessed in ripe but undried 
seeds; they begin to mix gradually with the substance of the matrix; their solution 
can sometimes be followed from without inwards ; but they often coalesce as mucila- 
ginous masses. These changes occur with the first signs of germination in the embryo ; 
formation of starch takes place simultaneously in the contents of the cells. 

* 

Sect. 9. Starch-Grains — Plants which grow under favourable circumstances 
produce by assimilation a larger quantity of formative organisable substance than 
they require or can employ at the time for the growth of the cells. These mate- 
rials are stored up in some form or other in the cells themselves, and only come 
into use later. It has already been shown how this takes place with albuminous 
protoplasm-forming materials and with oily substances. Another substance, in the 
highest degree organisable, Starch , is formed beforehand and stored up in far larger 
quantities in anticipation of future use. Starch always appears in an organised 
form as solid grains having a concentrically stratified structure, which arise at 
first as minute dots in the protoplasm, and continue to grow while lying in it ; if, 
at a subsequent period, they reach the cell-sap and cease to remain in contact 
with the protoplasm which nourishes them, their growth ceases 1 2 * * * * * . Every starch-grain 
consists of starch, water, and of very small quantities of mineral substances (ash). 
Starch itself is a carbo-hydrate of the same percentage composition as cellulose, to 
which it bears the greatest resemblance of all known substances in chemical and 
morphological properties. Starch, however, occurs in each grain in two modi- 
fications: — Granulose , more easily soluble, and assuming a beautiful blue colour 
with iodine in the presence of water, and Farinose , easily soluble, and more resembling 


1 Nageli, Die Sliirkckdmcr, in Pflanzcnphys. Untersuchungen, Heft II, and Sitzungsber. der k. 

bayer. Akad. der Wissenschaften, 1863.— Sachs, Ilandbuch der Exp. Thysiol., Leipzig 1865, § io 7 - 

The account given here is chiefly derived from Nagel i’s work. 

a According to Hofmeister, the starch-grains in the latex of Euphorbia appear to form an 

exception; nothing however is known about their development; the latex always contains pro- 

toplasm-forming substances, protcids, which perhaps here also take part in the production of 

the starch-grains. 
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cellulose in its reactions l . At every point of a starch-grain both constituents occur 
together ; if the granulose is extracted, the farinose remains behind as a skeleton ; 
this skeleton presents the internal organisation of the whole grain, but is less 
dense or poorer in substance, and its weight amounts to only from 2 to 6 p. c. 
of the whole grain. Since the granulose greatly preponderates and is present at 
every point, the starch-grain shows the blue granulose-colouring with iodine 
throughout its whole extent. 

The starch-grains have always rounded forms organised around an internal 
centre of formation ; when young and small the grains appear to be always spherical ; 
but since their growth is scarcely ever uniform, their form changes into ovoid, lenti- 
cular, rounded polyhedral, &c. 

The internal organisation of the starch-grain depends essentially on the dif- 
ferent distribution of water in it (water of organisation). Every point of the grain 
contains water in addition to granulose and farinose. Most usually the amount 
of water increases from without inwards, and attains its maximum at a fixed point 
in the interior. With the increase in the proportion of water, the cohesion and 
density decrease, as also the index of refraction. This change in the proportion of 
water is not, however, constant, but intermittent. To the outermost least watery 
layer succeeds a sharply defined watery layer, to this again a less watery one, and 
so on, until the innermost less watery denser layer surrounds finally a very watery 
part, the nucleus. All the layers of a grain arc disposed round this nucleus as their 
common centre, but every layer is not continuously developed round the whole 
nucleus ; in* small spherical grains with few layers this is always the case, but 
when their number increases, it does so most in the direction of most vigorous 
growth, which is continuous in a straight or curved line with the direction of least 
vigorous growth. This line is called the axis of the grain, and always passes 
through the nucleus. 

The growth of the grains of starch is accomplished exclusively by Intusstis- 
ception ; new particles become intercalated between those already existing both in 
a radial and tangential direction, by which means the proportion of water at 
particular places is at the same time changed. The youngest visible globular 
starch-grains consist of denser less watery substance; in this is formed subse- 
quently the central watery nucleus; in the latter a central part may become 
denser; and in this, when the increase in size has advanced sufficiently, a softer 
nucleus may again arise. It may however also happen, after a softer nucleus 
surrounded by a dense layer has arisen by differentiation of the originally dense 
grain, that in the dense layer a new soft one may arise, and it may thus become 
split into two dense layers, the inner of which encloses the soft nucleus. The 
layers increase in thickness and circumference by intercalation. When a layer 


1 [The most recent researches seem to show that the supposed distinction betwi cn granulose 
and farinose is one of mechanical or molecular condition only. The coloration of starch by iodine 
appears not to depend on the formation of a definite chemical compound, but to be the consequence 
of the mechanical interposition of the iodine between the molecules of starch (see Miller's Chemistry, 
3rd ed., vol. III. Sect. 1571, p. 616 et «?.)] 
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has attained a definite thickness, it becomes differentiated by further growth into 
three layers. If it is a dense layer, watery substance becomes intercalated in its 
middle, and the dense layer splits into two layers separated by a less dense one. 
But when a watery layer becomes sufficiently thick, its middle lamella may be- 
come denser, and a new dense layer be thus formed between two less dense 
layers. This process of splitting of the layers depends on their increase in thick- 
ness; and since this itself is the most vigorous where the layers are intersected 
by the longer branch of the axis of growth, the splittings, t\e. the new formations of 
layers, take place there most abundantly, and least so on the opposite side of the 
nucleus, where they may even entirely cease. The layers of the more quickly 
growing side of the grain become, as they pass to the slowly growing side, 
gradually thinner, and finally disappear. Lenticular grains (e.g. in the endosperm of 
wheat) have a lenticular nucleus ; their layers grow most quickly in the direction of 
the radii of a great circle concentric with it, and commonly split, the nucleus re- 
maining central. If, on the other hand, the growth takes place in one direction 
(e. g. in the ovoid grains of the potato-tuber) the nucleus becomes eccentric, is 
further and further removed from the centre of gravity of the grain, and is in 
this case globular. In some ellipsoidal (in the cotyledons of peas and beans) or 
elongated grains, the nucleus is extended in the direction of the longest axis. 

It is veify common for two nuclei to form in a small young grain ; round each 
of them layers arc formed, and the growth is strongest in the line of union. The 
distance of the nuclei from one another becomes continually greater ; thus a tension 
arises in the few layers which are common to both ; this loads to the formation 
of an inner fissure, which lies at right angles to the line of union of the two 
nuclei; it is continued towards the outside, and the grain breaks up into two 
half-grains which may nevertheless adhere to one another. If this division occurs 
more often, compound grains arise, consisting of numerous secondary grains, the 
number of which may amount even to thousands (e. g. in the endosperm of Spinacia 
and Avcna). 

Compound grains of from two to ten secondary grains, with a mulberry-like 
appearance, are extremely common in the parenchyma of quickly growing plants, 
e . g. in seedlings of Phaseolus and stem of Cucurbit a. Grains of this description 
are different in their origin from compound grains of the kind which occur in 
chlorophyll; in this latter case a number of small grains exist from the first, 
which only touch and adhere to one another in consequence of increase of size. 
(See Fig. 45, p. 47.) 

Partially compound starch-grains result when new nuclei with their surround- 
ing masses of layers are formed after the grain has already formed several layers. 
The secondary grains appear therefore to be inclosed within the layers of the 
mother- grain. In this case also tension arises from the unequal growth of the 
common layers and of those belonging to each secondary grain, leading at 
length to the formation of fissures ; but these do not usually extend to the outside ; 
the secondary grains remain united. 

(a) The growth of starch-grains by intussusception must be inferred from the fol- 
lowing considerations:— Supposing that the formation of layers occurs by deposition, 
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grains would be found the outermost layer of which would be a watery one; this, 
however, never occurs; the outermost layer is always the densest and least watery. 
According to this supposition the nucleus would also possess the properties of the 
youngest grains, whereas the nucleus is always soft, the youngest grains dense. The 
theory of deposition could only explain the formation of partially compound grains 
if we suppose that the common layers had been subsequently deposited round two or 
more previously isolated grains ; but the com- 

mon layers would have a different form, and ' ft 

the fissures in the interior of such grains 
remain unexplained. The theory of deposi- 
tion, finally, is incompetent to explain why, 
in the secondary grains, the strongest growth 
always takes place in the line joining their 

nuclei (Fig. 49). The older hypothesis of a A 

deposition of new layers from within pre- 
supposes that the starch-grains were at first 
hollow vesicles, which has never been ob- j 

served; on this hypothesis, moreover, it cannot jj 

be explained how the phenomena arise which 
occur in the formation of secondary grains; 
and this hypothesis must moreover suppose fSBgctj 
growth by intussusception to explain the 
superficial extension of the layers. The hy- 

pothesis of growth by intussusception affords " 

the simplest explanation of all the pheno- 
mena; and, after Niigeli’s researches, may be 
considered ?.s a fully established fact. The 
material which penetrates into the grain, and 1 
there becomes deposited in the form of new 
particles of starch, is, of course, in solution; 
but its chemical nature is not yet certainly 

, . . V . ,1 it.. 49 —Stare h'KWiins from the tuber of ft potaio 

known; dissolved starch can never be proved (k» m. a mi «i.ier simple gram ; /*.»,>,«, naiiy compound 

to exkt in thp nlant at Ipact in thoKP rr*lk grain ; t\ perfectly compound ^rauv,; }■ an older 

U) CX1SC m me plane, at least m tnose cells the n.aleus of which has divided; <* a very yountf uram, 

where active formation and growth of starch- b au 0,dc * r grain ; c a still older h'rain with divided nucleus, 

grains has been observed. It is, however, 

probable that a solution of sugar contained in the protoplasm is the material out of 
which particles of starch are formed by chemical and physical changes. The starch 
is easily changed into sugar by different agencies. From various facts (t.g. the pro- 
duction of radial fissures on drying), it must be concluded that the molecules of starch 
have not only a definite order of deposition in the direction of the radii, but are also 
arranged tangentially in a definite manner in each layer. A corresponding stratified 
structure with radial striation, and the consequent formation of areolae, has, however, 
been observed only occasionally and imperfectly. 

Growth by intussusception depends on the permeability of all parts of the grain to 
water and aqueous solutions. This can only be explained by supposing that the 
substance of starch is not continuous, but consists of distinct molecules, each of which 
possesses the power of attracting water, and surrounds itself with an aqueous enve- 
lope; the molecules of starch are separated from one another by these aqueous 
envelopes; the smaller the molecules in a given portion of a starch-grain, the thicker 


are these envelopes and the more watery the particular portion. From this it results, 
on purely mechanical principles, that, as the molecules increase in size, the aqueous 
envelopes become thinner, and the molecules approach nearer one another. The 
watery layers therefore consist of small molecules which are separated by thick 
aqueous envelopes, the denser l$ss watery layers of larger molecules with thinner 
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envelopes. The internal organisation depends, in these cases, on a definite relation 
of the water and the molecules of starch; the stratification of a starch-grain dis- 
appears, like that of a cell-wall, when the water is removed from it (r. g . by evapo- 
ration or action of absolute alcohol, &c.), because the more watery layers then 
become similar to the less watery ones, and the difference of refractive power in 
the two ceases. In the same manner the stratification also disappears when the 
substance of the grain is rendered capable by chemical means (as dilute potash solu- 
tion) of absorbing large quantities of water; the denser layers absorb relatively more 
water; they thus become similar to the more watery layers, and it is no longer possible 
to distinguish between them. 

Besides the differentiation in the proportion of water which is recognised in the 
form of stratification, there is also in every grain an increase from without inwards 
in the amount of water. This is partly ascertained by the refraction, partly by the 
regular decrease of cohesion from without inwards. If the water is removed from 
fresh starch-grains, fissures are formed which cross the layers at right angles; in the 
interior a cavity is formed from which the fissures radiate; these become narrower 
outwardly, and are widest in the centre. From this it follows that on drying the 
greatest loss of water occurs in the interior, and that this regularly decreases towards 
the outside ; but it also follows that the cohesion of the layers is less in the tangential 
direction (at right angles to the fissures) than in the radial. This points to the con- 
clusion that within every layer the loss of water is greater in the tangential direction 
than in the radial. 

If the water be removed from a fresh starch-grain or from one which has taken 
up as nmeft as it can, it contracts ; the molecules contained in it approach one another 
as their envelopes of water become thinner. A similar change takes place if the 
granulosc is removed from a grain; the farinose-skeleton of the grain which remains 
is, although saturated with water, much smaller than the original grain. This possibly 
results from the fact that the molecules, now consisting only of farinose, possess less 
attraction for water, and, having thinner envelopes, approach nearer; the cause may 
however also be that the number of molecules has diminished. 

(b) The Extraction of the Granulose of starch-grains, leaving behind a skeleton of 
farinose, can be brought about in very different ways: — 1. By maceration in saliva at 
an elevated temperature; in the starch of Canna indica the extraction, according to 
H. von Mohl, is slow at 35^-40° C., but is accomplished in a few hours at 5o°-55° C. ; a 
lower temperature suffices for wheat-starch, a higher is required for that of the potato ; 
Nagcli gives in general 40°-47° C. 2. According to Melsens a similar extraction may also 
be effected by organic acids, diastase, and pepsin. 3. According to Nageli it can be 
accomplished also by very slow action of hydrochloric or sulphuric acid which has been 
so diluted with water that it docs not cause the starch-grains to swell. 4. According to 
Franz Schulze, the granulose is extracted in from two to four days by a saturated 
solution of sodium chloride containing 1 p. c. of hydrochloric acid, at a temperature of 
6o° C.; the residuum, which perfectly exhibits the organisation of the starch-grain, 
amounted, according to Dragendorff, to 57 p. c. in potato-starch, 2*3 p. c. in wheat- 
starch. These skeletons are not coloured by iodine (NagelPs preparation with sul- 
phuric acid after fifteen months’ extraction), or they become copper-red, and in 
places where the extraction was not perfect, bluish. They do not swell in boiling 
water, /. r. do not form paste. At 70° C. the whole of the starch-grain, according to 
Mohl, is dissolved in saliva; the skeleton produced at 4o°-55° C. is, however, not affected 
by saliva at 70°. 

Within the living cell the starch may be dissolved in very different ways; probably 
solution occurs mostly under the influence of protoplasm, or by the assistance of 
nitrogenous combinations in the cell-sap. Sometimes the solution begins, as in the 
extractions mentioned above, with the removal of the granulose, the farinose remaining 
behind; but this often takes place only partially; the extraction proceeds in places 
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from without inwards; the extracted places are coloured copper-red by dilute iodine, 
the remaining mass blue; then the grain breaks up into pieces, which are finally 
completely dissolved (as in the endosperm of germinating wheat, Fig. 50, B). In 
other cases the solution begins also in particular spots of the circumference; the 
whole substance, however, gradually dissolves; holes are formed, and finally the 
grain breaks up into pieces (as in the maize, Fig. 50, A ). In the cotyledons of 


germinating beans, the solution of the 
ellipsoidal grains begins from within; but 
before they break up into pieces, the 
granulose is often so completely extracted 
that they assume with iodine a copper-red 
and in parts a bluish colour; afterwards 
the whole is dissolved. In germinating po- 
tatoes and the rhizome of Canna lanuginosa , 
on the other hand, the solution of the 
grains advances from without inwards, re- 
moving layer after layer. Probably this 
takes place when saliva is employed, 
whether the solvent acting slowly first ex- 
tracts the granulose, or attacking it ener- 
getically dissolves the whole substance. 
Observations on embryos of the same 
species, germinating at different tempera- 
tures, would possibly show corresponding 
differences. 

(c) Solubility , Swelling . If starch-grains 
are crushed in cold water, a small portion 
of the granulose is dissolved ; addition 
of iodine occasions precipitation of fine- 
grained blue pellicles 1 . Starch -grains 
ground with fine sand yield an actual 
solution of granulose to cold water. Other 
fluids, as dilute acids, do not cause a solu- 
tion of the starch, but rather a trans- 
formation into other substances (dextrin, 
dextrose), which then dissolve. 

Water of at least 55 0 G. causes the 
swelling and conversion into paste of larger 
more watery starch -grai ns ; in smaller 
denser ones this begins, according to 
Niigeli, at 65°. After heating in the dry 
state to about 200° C., subsequent moisten- 



- If'.. 50.—^ a coll of tho endosperm of the maize, filled with 
crowded and therefore polyhedral starch-grains : between the 
grains lie thin plates of dried-up fine-grained protoplasm ; small 
cavities and fissures are formed in he interior of the grains by 
drying; a—j? st. iins from he endosperm of a germi- 

nating seed of maize ; £ lentici. ... star* li-grains from the 
endosperm of a germinating seed of wheat ; thi 
of the action of the solvent is shown by the more evident ap- 
pearance of stratification (X 800). 


ing causes swelling; but the substance is by this means chemically changed; it is 
transformed into dextrin. In the production of paste, the interior watery parts swell 
first, the outermost layer scarcely at all; it bursts and remains for a long time re- 


cognisable by iodine as a pellicle, even after the breaking up of the inner parts into 


small particles. A similar effect is caused by weak cold potash or soda solution; the 
volume of a grain may thus be increased one hundred and twenty-five fold, and so 


much fluid be absorbed that the swollen grain contains only from 2 to 0*5 per cent, of 
solid starch. 


1 On the actual solubility of starch, see the remarks in my Handhuch der Experimental 
Physiologie, p. 410. 
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Sect. io. The Cell-sap. — The term Cell-sap may be understood in a wider 
or in a narrower sense. In the former it would express the collective mass of all 
the fluids by which the cell-wall, the protoplasm -body, and all other organised 
structures of the cell are saturated, and would also include the fluids contained in 
the vacuoles of the protoplasm ; in a narrower sense the latter only is ordinarily 
designated as cell-sap. In any case there are grounds for considering the com- 
position of the cell-sap as very variable, according as it has been imbibed by the 
protoplasm, the chlorophyll, the cell-wall, or the starch-grains of one and the same 
cell, or occurs as vacuole-fluid. The latter may in general represent the reservoir 
out of which the organised absorbent parts of the cell supply their needs, but in 
which, on the other hand, the superfluous soluble products of assimilation and 
metabolism 1 * 3 , and the food-materials that have been absorbed, also for a time collect. 
One constituent of the cell-sap, water, is always common to the vacuole-fluid and to 
the fluid which saturates the organised structures. The share taken by the water of 
the celt-sap in the entire building-up of the cell has already been entered into suffi- 
ciently in detail. Its function in the cell is a very manifold one ; it is at once the 
general solvent and ihe agent of transport of the food-materials within the cell; the 
water itself enters in many ways into the chemical constitution of the substances 
produced in the plant ; its elements are essential for the production of assimilated 
substances ; Yor the formation of organised structures, the cell-wall, the protoplasmic 
structures, and the starch-grains, it is indispensable (water of organisation); the 
growth of the whole cell depends immediately on the absorption of water, and on the 
accumulation of the cell sap as vacuole-fluid (see Figs. 1,41,42, pp. 2, 42, 43). The 
increase in size of rapidly growing cells is nearly proportional to the accumulation 
of the sap in them. The Hydrostatic pressure which the vacuole-fluid exercises on 
the primordial utricle and cell-wall is a factor in determining the form of the cell. 

The substances dissolved in the water of the cell-sap — whether salts absorbed from 
without, or compounds produced in the plant itself by assimilation and metabolism — 
are, as such, not immediately the subject of morphological observation, to which we are 
for the time confining ourselves. But the cell-sap sometimes contains substances the 
presence of which in the ce’l in characteristic forms can be proved by simple reactions, 
or which occur in nature in the form of definite structures, as drops or granules. Among 
the most important of the former is Inulin *. 1 his substance, nearly related in com- 

position to starch and sugar, occurs in the ccll-sap of many Composite n . In sap 

1 [In the first edition of this translation the term ‘ St offwechsel,’ which includes as a general 
term any transformations which are effected in the products of assimilation, w r as translated 
‘ metastasis.’ In the literature of animal physiology the same idea has been rendered by the terms 
metabolism and metabolic (see May'ne’s Expository Lexicon, 1860; Foster’s Text-book of Physio- 
logy). For the sake of uniformity these terms will be adopted in the following pages. The 
products of metabolic transformations have been conveniently termed by Foster ‘metabolites.’] 

* Sachs, Bot. Zeitg. p. 77, 1S64, — Prantl, Das Inulin, ein Beitrag zur Pflanzcn-I’hy.dologie ; 
Preisschrift, Munich 1870. — Dragendorff, Materialien zu ein*jr Monographic dcs Iuulins, Petersburg 
1870. 

3 [Kraus, Bot. Zeitg. 1875, p. 171, shows that, in addition to Composite, inulin is found also in 
the Campanulaceae, Goodeniacece, Lobeliacere, and Stylidere ; and in these orders not only in the 
underground organs, but also in the stems and in the cells of the leaves which contain chlorophyll. 
Its solubility in water appears to vary ] 
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obtained by pressure or boiling, it precipitates spontaneously after some time in the form 
of a white fine-grained precipitate. From solutions it crystallises in the form of so- 
called Sphere-crystals (Fig. 51 A), consisting of crystalline elements disposed in a radiate 
manner. Within the cells it may be made visible as a finely granular precipitate by 
drying or by rapid removal of water by alcohol (Fig. 51, F). It is abundantly pre- 
cipitated in the cells on dipping thin sections of the tissue into alcohol, in the form of 
smaller sphere-crystals which become readily visible on addition of water (Fig. 51, B). 
They are obtained much larger by laying entire specimens of Acetahularia or large pieces 
of tissue containing inulin (tubers and stems of the dahlia or Jerusalem artichoke) for 


a longer time in alcohol or 
glycerin ; in the latter case a 
sphere-crystal very commonly 
includes several cells of the 
tissue (Fig. 51, E\ a proof that 
the crystalline arrangement is 
not necessarily destroyed by 
the cell- walls. Similar forms 
(as in Fig. 51, B) are formed 
when tissues containing inulin 
freeze ; and they do not again 
become dissolved in the cell- 
sap on thawing. Since the 
sphere - crystals consist of 
doubly refractive crystalline 
elements arranged radially, 
they show, with polarised 
light, the characteristic cross. 
They arc not capable of 
swelling, are slowly dissolved 
in a large quantity of cold 
water, rapidly in a small quan- 
tity of warm water of from 
5° n ~*55° C. ; in nitric or hydro- 
chloric acid or potash solu- 
tion they dissolve easily, the 
solution always commencing 
from without; by boiling in 
very dilute sulphuric or hydro- 
chloric acid the inulin is im- 

glucose. Solutions of iodine 
in alcohol or water penetrate 
into the fine crevices of the 
sphere-crystals, but produce 



FIG. 51 — Splicrr-crystals of inulin. ./ from an aqueous solution laid 
aside for a J months ; at a the at I ion of nitric ;u id is commencing. />’ cells of 
the root*tnl>er of the dahlia : a thin section was placed for 34 hours In alcohol 
ofynp. c., and was then dipped in water. C two 1 elk with half sphere-crystals 
having their common centru in the middle of ll separating cell-wall ; from an 
internode Hmm. tliic k at the npcv of ai. of the Jerusalem artichoke 

whidi had remained for some time in alcohol. P fragment of a sphere-crystal. 
IS a large sphere-crystal including several cells, from a larger piece of the 
stetn-tul>er of the artichoke , after lying for a longer time in alcohol. A" inulin 
after evaporation of the water from a thin section from the same (S' 500; P 
not so much). 


no special colour. Imilin-structures are easily and certainly recognised by these re- 
actions. If masses of tissue containing much inulin (tubers of Inula Helenium and 
Jerusalem artichoke, roots of dandelion and of other Composite) are examined in the 
air-dried state, the parenchymatous cells are found to be filled with angular, irregular, 
shining, colourless fragments, which are seen in polarised light to be crystalline, and 
may be recognised as inulin by the reactions above-named. 

If the ovaries and unripe fruits of the orange or citron are laid for some time in 
alcohol, concretions are found in their tissues, which completely resemble in form the 
sphere-crystals of inulin; but the chemical reactions and the degree of solubility show 
that they do not consist of this substance. Pfeffer has examined these structures more 
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minutely, and has ascertained (as Lebreton also thought, see Husemann, Die Pflanzen- 
stoffe, p. 709) that they consist of Hesperidin . It is remarkable that only some indi- 
viduals of the species named yield sphere-crystals, as for instance those in the botanical 
garden at Wurzburg ; a tree in the garden at Marburg yielded them in its unripe fruits 
in 1871, but not since. Sphere-crystals of organic structure (combustible), but of 
otherwise unknown constitution, have also been described by Kraus and Russow ; the 
former found them in the epidermis of the leaves and stem of Cocculiu laurtfolius, on 
treatment of the fresh cells with alcohol, glycerin, or even water. Russow 1 found, in 
the living cells of the petiole and mesophyll of Marattia cicut<rfolia and Angiopteris erect a, 
sphere-crystals which enclosed a small crystal or other minute body as a central nucleus. 
Where the living cells did not contain these structures, he obtained them by treatment 
with alcohol ; they left behind, on combustion, a considerable quantity of ash. Russow 
also found similar bodies in the cortex of Selaginella Martensii and in tropical orchids, 
when the plants had lain for some time in alcohol. He states that all these sphere- 
crystals have the property of staining with carmine. 

In the cell-sap of the Hepatic# there occur vesicles or nodules of a peculiar 
appearance. In a letter Pfeffer states that they are formed in the very young leaves 
of J ungermannie# ( Alicularia scolaris , Radula complanata , &c.) by the coalescence or 
grouping together of minute drops of oil, which are first formed in the cell-sap, not 
in the protoplasm, and must be regarded as products of excretion which have no 
further purpose in assisting growth ; as is the case also with the fatty oils which are 
stored up .as reserve-materials. A membrane-like envelope surrounds these drops of 
oil, whose substance consists, in addition to oil, of water and small quantities of 
proteids. Or a similar nature are the bodies found in the thallus of the Mar- 
chantieac, which, in the case of Lunularia , also contain tannin. 

Among other organised constituents of the cell-sap must be mentioned the spherical 
drops or granules containing tannin and surrounded by a thin membrane which are 
found in particular cells of the cortex of many plants rich in tannin, as Salix , Betula , 
Alnus, Quercus , &c. (see Niigeli u. Schwendener, Das Mikroskop, p. 492). They arc still 
more conspicuous in the motile parts of the leaves of the sensitive plant, where 
Pfeffer 2 * has investigated them with care. Here they consist of a thin but tolerably 
firm membrane, enclosing a concentrated solution which contains a large quantity of 
tannin. The strongly refractive contents of the spherical bodies are coloured blue by 
solutions of iron, and form a reddish-brown mass with potassium bichromate. If the 
contents are extracted with w r ater containing alkali, acid, or alcohol, the membrane 
is left, and is perhaps what has been termed a ‘pellicle-precipitate,’ consisting of a 
combination of tannin with a proteid a . Pfeffer states that spherical bodies of 
this nature arc found in particular cells of the cortex of the stem and petiole of 
the sensitive plant, as well as in the petioles of Oxabs stricta and Acetosella ; ac- 
cording to Meyen they occur also in Desmodium gyrans ; and, according to Unger, in 
Glycyrrhiza . 

Sect. 11. Crystals in the Cells of Plants 4 . — The crystal-like forms de- 
scribed in Sect. 7, in which proteids are sometimes found, though always mixed 
with other organic compounds, are not common phenomena, and must not be 
placed in the same category as the very abundant true crystals of lime salts now 


1 Untersuchungen fiber die Leitbiindelkryptogamen, Petersburg, 1872, p. 109. 

8 Physiol. Unlersuch., pt. I, Ueber Reizbarkeit, Leipzig 1873, p. 13 et &eq. 

8 See Book III. Chap. i. Sect. 1, Traube’s artificial cells. 

4 Sanio, Monatsber. der Berl. Akad., April 1857, p. 254. — Ilanstein, ibid. Nov. 17, 1859. — 
Holzner, Flora, 1864, pp. 273, 556, and 1867, p. 499. — Hilgers, Jahrbuch fur wiss. Bot. vol. VI. 
1867, p. 285. — Rosanoff, Bot. Zeitg. 1865 and 1867.— Solms-Laubach, Bot. Zeitg. 1871, nos. 31-33. 
— Pfitzcr, Flora, 1872, p. 97. 
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to be described; both from a morphological and physiological point of view the 
difference is very great. 

Calcium carbonate occurs, where it has hitherto been observed in plants, not 
in the form of large crystals with clearly defined faces, but in finely granular 
deposits whose crystalline nature is recognised only by their behaviour to polarised 
light (illuminating in a dark field of view by a crossed Nicol); while their 
solubility in weak acids with evolution of bubbles of gas characterises them as 
calcium carbonate. It occurs, according to De Bary, in the form of roundish 
grains in the plasmodium of Physarum . The calcium carbonate imbedded in 
the cell-walls of many marine Algae, Aceialularia , Corallina 9 Melobesia , &c., seems 
to be still more finely divided, their structure becoming in consequence stony and 
brittle. It occurs in an excessively fine state of division, in the form of molecules 
invisible even under a magnifying power of 800, in the structures known as 
Cystolitks , club-shaped outgrowths of the walls of certain cells projecting into 
the cavity, found in Urticaceoe and Acanthacex (1 vide infra). 

All other crystals found in plants and hitherto accurately examined are shown, 
by their form where this is recognisable, and by their reactions, especially by their 
insolubility in acetic acid, and their solubility in hydrochloric acid without evolution 
of bubbles, to consist of Calcium oxalate. This salt is widely distributed, especially 
in the tissue of the Crustaceous Lichens, most Fungi, and Phanerogams, and in 
the form of very small granules of crystalline structure, of clusters, of bundles of 
needles (R aphides), or often of large, beautiful individuals with perfectly formed 
crystalline faces. 

In Fungi and Lichens the crystalline granules are commonly small, and are 
not deposited in the interior of the cells, but on the outside of the cell-walls, 
and frequently in such large numbers that the hyphal tissue becomes opaque and 
brittle in consequence. I11 some Lichens, as in Psorosma lentigerum , according to 
De Bary, minute granules of calcium oxalate are deposited in the cell-walls of 
the dense cortical tissue. It is only exceptionally that crystalline deposits occur 
in the interior of the cells of Fungi, as, for example, in the form of radiate 
spheres (sphere-crystals) in the swellings of some of the hyphee of the mycelium of 
Phallus caninus . 

Little or nothing is known of the occurrence of calcium oxalate in most Algae, 
in Muscinex, and in Vascular Cryptogams ; but it is found very abundantly in the 
tissues of most Phanerogams. In Dicotyledons it often occurs in the form of 
large beautifully peifect Crystals in the cavities of cells (e.g. in the mesophyll and 
petiole of Begonia , and the stem and root of Phase olus ). Clusters of crystals 
are, however, much more common in this class, and are especially abundant in 
the bark of many trees, in the rhizome of Rheum , &c. They are deposited in a 
protoplasmic nucleus (e.g. in the cotyledons of Cardiospermum Halicacabuni ), the 
separate crystals being completely formed only in the exposed part. Sometimes 
also (as in the hairs of Cucurbita) small and perfectly developed crystals are seen 
in the circulating protoplasm. 

In Monocotyledons, especially those allied to the Liliacex and Aroidcae, the 
crystals of calcium oxalate occur mostly in the form of bundles of long very slender 
needles, forming the so-called Raphides , which lie parallel to one another, and 
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usually more or less completely fill up the cells, which are mostly elongated. Needles 
of this kind are formed also in great quantities when the leaves of many woody 
plants change their colour and lose water by evaporation in the autumn, although 
absent during the period of growth. 

Where the crystals lie in the cavity of the cell — and this is usually the case with 
Angiosperms — they are commonly, perhaps always, coated by a thin membrane, 
which remains after solution of the calcium oxalate, and must probably be con- 
sidered as a coating of protoplasm. This is also the case, according to Payen, 
even with raphides, and, according to the accurate observations of others, also in 
the larger single crystals and clusters. 

In Angiosperms calcium oxalate occurs apparently only rarely deposited in the 
substance of the cell-wall ; Solms-Laubach (/. c.) cites different species of Mesem- 
hryanthemum (J/. rhomb cum, iigrinum lacerutn , stramitieum , 
Lemanni) and Scmpcrvivum cal car cum, in which fine granules 
or (in the last case) larger angular fragments of crystalline 
calcium oxalate are scattered through certain layers of the 
outer wall of the epidermal cells of leaves. Among Mono- 
cotyledons, Pfeffer has observed well-developed crystals in 
the thickened cuticle, and in cells which lie deeper in 
the tissue, of Draacna reflex a, arhorca , Draco , and umbra - 
cut if eta. 

The occurrence of crystals of calcium oxalate in the sub- 
stance of the cell-walls is, on the other hand, according to 
Solms-Laubach, of common occurrence in Gymnosperms. 
They generally consist of numerous small granules of un- 
recognisable shape; not unfrequently, however, they are 
well-developed crystals. In the bast- tissue of all parts of 
the stem deposits of this kind are found in the Cupressincrc, 
Podocarptis, Taxus , Cephalotaxus , and Ephedra ; they are 
absent, on the other hand, from Phyl/ocladus trie ho mono ides, 
Sal i sharia adianiifolia , Dammara australis , and from all Abic- 
tineaj that have been examined. The small angular granules 
or larger individual crystals are usually deposited in the soft 
middle lamella of the walls between the bast-coils. Calcium 
oxalate occurs still more widely deposited in the cell-wall 
of the cortical parenchyma of the branches and leaves of 
Gymnosperms, with the possible exception of some Abie- 



FlC «;? — Half of a splc tilar cell 
of ffWit't/tr Jtta m irabilt r, with a 
great number of crystals of cal- 
cium oxalate Imbedded in the 


tineas ; here also the middle lamella of a common cell-wall 
is the place where the crystals are formed, as also in the 


outer layer of the very thick cell, bundles of thick-walled hypodermal cells (e.g, Ephedra). 

The thick-walled often branched prosenchymatous cells 


abundantly scattered through the parenchymatous tissue of Gymnosperms, the so- 


called ‘ Spicular cells/ not unfrequently contain crystals deposited in the outer layers 
of their cell-walls ; these occur in unusually large numbers and great perfection in 
Welwitschia mirahilis (Fig. 52). If the crystals are dissolved in hydrochloric acid, 
the empty cavities in the substance of the cell-wall retain completely the form of 



CRYSTALS IN THE CELLS OF PLANTS . 


67 


the crystals, so that the unpractised observer thinks that he still sees them. Fine 
granules are abundantly scattered through the thickened cuticle of Gymnosperms 
( Welwitschia y Taxus baccaia , Ephedra , &c.) ; or, in other cases, well-developed small 
crystals ( Biota orientalise Libocedrus Doniana, Cephalotaxus Fortunei \ &c.). 

Closely related to these deposits in the cell- wall itself are the clusters of 
crystals discovered by Rosanoff (Bot. Zcitg. 1865, 1867) in the pith of Kerria 
japonica and Ricinus communis , and in the petiole of some Aroideae ( Anihurium , 
Philodendron , and Pothos) } which, lying in the cavity of the cell, are attached to 
the cell-wall by simple or branched threads of cellulose, and are even covered with 
a cellulose membrane. Pfeifer has shown that the large and beautifully developed 
crystals which occur in the leaves and branches of Citrus vulgaris , as well as in the 
bark of Salix aurita , Celt is australis , llharnnus Frangula , Acer opul folium, the 
Lombardy poplar, beech, and oriental plane, are also enclosed in a cellulose 
membrane which is often quite thick, and united in its growth, in one or more 
spots, with the cell-wall. 

The Crystalline forms in which the calcium oxalate occurs in the cells of plants 
arc extremely numerous, a result of the circumstance that this salt crystallises in 
two different systems, according as it is combined with six or with two equivalents 
of water. The calcium oxalate containing six equivalents of water of crystallisation 

(ca O j + 6 ac h) crystallises * n quadratic system, the fundamental form 

being an obtuse quadrate-octahedron (the shape of a letter-envelope) ; combinations 
of the quadratic prism with the obtuse octahedron arc met with in abundance. The 
raphides, however, belong, as respects their behaviour in polarised light, according to 
Holzner, to the klino-rhombic system, in which calcium oxalate crystallises with two 

equivalents of water of crystallisation q j C 4 O 0 + 2 uq.^. The fundamental form 

of the numerous combinations belonging to this class is a hendyohedron ; it produces 
derivative forms which are very similar to ealespar (as, for instance, in the deposits 
in the cell-wall), and others very similar to calcium sulphate. The clusters of 
crystals (sphere-crystals) may consist of individuals of one or the other system \ 

a . As respects its physiological significance, calcium oxalate is a metabolic product 
which is of no further use to the plant, an excretion similar to the volatile oils, resin, 
and other substances which are often contained in glands. 

When the crystals remain so small that their volume appears inconsiderable in pro- 
portion to that of the cell itself, this latter may possess protoplasm capable of motion, 
nucleus, chlorophyll, and starch, as in the case of the hairs of Cucurbita or the mesophyll 
of Begonia . When, on the other hand, a crystal or a cluster or a bundle of raphides, 
or finally a mass of Mnall crystals, nearly fills up a cell, no other organised constituent is 
usually present. The cells which contain raphides have loosened walls which easily 
swell, and the bundles of raphides arc generally surrounded by a thick gummy mucilage. 
Such cells, which serve as receptacles for crystals, may be compared to simple glands 
which contain volatile oils and similar substances. 


1 [Vesque has succeeded in reproducing artificially the crystalline forms in which calcium 
oxalate makes its appearance in vegetable tissues. Raphides are produced, according to his experi- 
ments, in the presence of glucose and also of dextrin. See Ann. des Sc. Nat., 5th ser., vol. XIX, 
P- 
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b . The crystals of calcium oxalate which are imbedded in the middle lamella of 
a common cell-wall, such as those found in the soft bast of Conifer®, have evidently 
been formed in the very spot where they occur. Pfitzer has shown, on the other 
hand, that the crystals found in Citrus vulgaris are formed in the cell-cavity, and 
become enclosed at a subsequent period by cellulose secreted from the surrounding 
protoplasm, which then coalesces in its growth, at one or more spots, with the cell- 
wall. It is highly probable that the same is the case in other instances. 


c. Cystoliths are at present known only in the Urticace®, Cannabine®, Morace®, and 
Acanthacc® ( Justicia , Adhatoda ). In the three first-named families they occur in 
isolated but numerous cells belonging to the epidermal system, especially of the leaves, 

either in the larger epidermal cells (spe- 
cies of Ficus), which arc often elongated 
from a swollen spherical base into short 
bristles (the hop, fig, Broussonetia , &c.), or 
in more deeply buried hypodermal cells 
of the upper side of the leaf, as in Ficus 
elastica (Fig. 53). In the Acanthace® 
they occur in large numbers in isolated 
cells of the cortical parenchyma which 
are also somewhat enlarged. In all these 
cases the cystolith fills up the cell-cavity 
almost completely, no other cell-contents 
being discoverable. The mature cysto- 
lith resembles in appearance a bunch of 
grapes with its stalk, the stalk being 
attached, in Broussonetia— where two cys- 
toliths usually occur in a cell — to its 
side- wall. The body of the cystolith is 
hard and brittle, the stalk flexible. In a 
dark field of view between the crossed 
Nicols, 1 have found the cystoliths of Ficus 
elastica not luminous evert in small frag- 
ments; they do not polarise light; the 
calcium carbonate cannot therefore be 
deposited in a crystalline form. Nothing 
of a crystalline character can be detected 
in the body itself (see Hofmcister, Lchre 
von der Pflanzenzelle, p. 180). If the 
object is treated with acetic acid, bub- 
bles of carbonic acid gas are developed 
in the neighbourhood of the cystolith, 
while the previously opaque substance of the concretion becomes gradually trans- 
parent from without inwards. Finally, there remains behind an insignificant skeleton 
of an organic matrix, in which the calcium carbonate was evidently deposited in the 
finest state of division. No cavities are to be seen out of which crystals can have 
disappeared; the matrix is perfectly homogeneous. Neither is there any reason for 
assuming that the lime was deposited between the layers of the matrix ; since the outer 
portion of the mass, which contains an especially large quantity of lime, is quite un- 
stratified. There is, on the other hand, a central nucleus, in direct connexion with 
the stalk, which is much denser than the external portion, and manifests an evident 
transverse stratification, as well as radiating fibres of a denser substance, which are 
obviously a faint indication of an intersecting striation. On addition of Schultz’s solution 
the stratified and striated nucleus of the matrix assumes a beautiful dark blue colour, the 
outer portion only a light blue ; the former consists of denser, the latter of more watery 



Flti. 5^. — Cystolith c c in ft hypodermal cell of Fiat 
h h tells near the upper surface of the leaf; e epuiern 
inner tissue of the leaf containing chlorophyll. 
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cellulose, between the molecules of which those of the lime have been deposited. The 
cystoliths originate (in Ficus ciastka on Schacht’s authority, in Broussonetia from my 
own observation) as wart-like outgrowths from the inner side of the cell-wall, which 
then swell up into a club-shaped form at their free end, and become impregnated with 
lime. After the lime has been dissolved and solution of iodine added, it is seen that 
the surface of the cystolith is coated with a thin protoplasmic membrane in which the 
original sculpture of the whole can still be perfectly made out. 


[M u Nab gives (Journal of Botany, new series, vol, I. p, 33) for the composition of the 
potassium chlorate solution: three grains of potassium chlorate dissolved in two drachms of 
nitric acid of sp. gr. no. The preparation of ‘Schultz's solution* is thus described by Schacht 
(The Microscope and its application to vegetable anatomy and physiology, translated by F. Currey, 
j). 43) : Zinc is dissolved in hydrochloric acid ; the solution is allowed to evaporate under contact 
with metallic zinc, until it attains the thickness of a syrup ; the syrup is then saturated with 
potassium iodide, the iodine added, and the solution, when necessary, diluted with water. For the 
‘iodine-solution’ the same authority recommends one grain of iodine and three grains of potassium 
iodide in one ounce of distilled water,] 



CHAPTER II. 

MORPHOLOGY OF TISSUES. 


Sect. 12. Definition. — In the widest sense of the term, every aggregate of 
cells which obeys a common law of growth (usually however not uniform in its 
action) may be termed a Tissue . Aggregates of this kind mav originate in different 
ways. The cells may be at first isolated ; subsequently during their growth they 
may come into contact, and so completely coalesce at the surfaces of their walls 
that the boundary between them becomes indistinguishable. This happens, for 

example, in the sister-cells 
which have arisen by divi- 
sion in the mother-cells of 
Pediastrum , Cadastrum, and 
ITydrodictyon ; the sister- 
cells within the mother- cell 
have a ‘ erteping ' motion 
which lasts for a consider- 
able time before they be- 
come united into a plate 
{Pediastrum) or into a sac- 
like hollow net ( Hydrodic - 
tyon), and continue to in- 
crease as a tissue. In the 
same manner the sister- 
cells which arise in the em- 
bryo-sac of Phanerogams 
by free-cell-formation unite 
with one another and with 
the wall of the embryo-sac itself, continuing then to develop as a continuous tissue 
(the endosperm) and to increase by division. 

In Fungi and Lichens tissues originate by the juxtaposition and apical growth 
of slender filaments consisting of rows of cells (hyphae), and of different orders 
of branchlets from them ; each filament has its own growth, increasing the 
number of its cells by division, and branches copiously; but this takes place in 
such a manner that the different hyphai undergo a similar development at definite 



Vic.. e,\.—Perita\tru*n furanulatum (after A. Hraun. x 400). 1 a plate consisting of 

1 cells; .it a’ the innermost layer of a cell-wall is protri It encloses thr 

dau, 

hi 11 -wall which ha* entirely escaped (greatly enl nt.ims the 

A’, these are in active; ‘creeping' motion; t' t .* fa' ily of cells 

4j hours afti its birth, 4 hours after the small cells have c to rest; have 

arianged into a plate, which is already beginning to develo « on.- 

similar to A . 
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spots on the whole body of the Fungus or Lichen, so as to form surfaces, threads, 
hollow structures, &c., which possess a common growth, and yet consist of single 
elementary structures developing individually (Fig. 55). 

With the exception, however, of the instances named, and of some similar 
ones, the formation in the vegetable kingdom of multicellular bodies obeying a 
common law of growth always arises from the cells which originate by bipartition 
from common mother-cells remaining in connexion; the cells are in these cases, 




H«.. Kpidermis (e) and subjacent cortical parenchyma 
the hypocotylednnnry segment of the stem of the sunflower, 
licli thickens quhkly after completion of gcrmm.ilnm; the 
rker, thicker cdl-walk are the original ones, Ihe thinner 
insverse ones tho&c moit turcntly formed. The strong tan- 
11ti.1l growth even of thccptdcnnal cells together with tlicir 
tide of special interest in this process. 


Flu 55." Part of n longitudinal section of n ( last cmmycete [Cruahulum vuittart), showing the course of the hyphre: their intcrsticcii 
arc filled with a watery jelly, which has probably resulted from the convulsion into mucilage of the outer cell-wall layers of the 
hyphre. (For further details of the internal organisation, see Hook TI, Fungi, 'ihe drawing is partially diagrammatic, inasmuch as 
the hyphre are shown too thick for the small magnifying of the whole (about as), and not so numerous as in nature.) 


at least originally, so united that they appear like chambers in a mass which 
continues to grow as a whole (Fig. 56), 

The two first-named kinds may be distinguished as false tissues from the latter or 
true form; but there is no sharp boundary-line between them. In many cases, for 
example, the endosperm is only in its rudimentary state a false tissue, due to the 
coalescence of isolated cells; in its further development by cell-division it becomes 
a .true tissue (e.g. Ricinus , &c.). The cortex of many Algae, and of the genus Cbara 
is formed by the coalescence of isolated filaments ; but the result cannot be distinguished 
from true tissues. Niigeli and Schwendener (Das Mikroskop, vol. II. p. 563 et seq.) may 
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be consulted further on the growth of Acrocbceticum pulvereum f Stypopodium atomariunt } 
Deles seria Hypog/osjum, and the leaves of Mosses l . 

Sect. 13. Formation of the Common Wall of Cells combined into a 
Tissue 2 . — If the cell-wall between two adjoining cells is thin, it appears, even 

when very highly magnified, single ; and some- 
times this is also the case when it has already 
attained a considerable thickness, as in succulent 
parenchymatous cells. Usually it is only when the 
wall has become moderately thick that it can be 
seen that the one side of the partition-wall belongs 
to one, the other to the adjoining cell. If strati- 
fication and differentiation into layers occur in a 
sufficiently thickened w r all between two cells, a 
middle lamella always becomes discernible (Fig. 
57, m), on either side of which the cellulose is 
superposed in the form of layers and shells gene- 
rally symmetrically distributed, so that those on 
one side appear to belong exclusively to the 
one adjoining cell, those on the other side to the 
other cell (Fig. 57, /). The impression may thus 
be given as if the layers which arc concentrically 
deposited round each cell-cavity formed the wall 
belonging to it alone, while the middle lamella 
belonged to a common matrix in which the cells 
are imbedded ; or as if it were excreted from the 
neighbouring cells. Both views were actually held 
for a considerable time, and the middle lamella 
was then termed ‘Intercellular Substance/ If the 
older fragments of tissue represented in Fig. 57 are 
compared with the younger condition of the same, 
the thought at first suggests itself that the middle 
cncd cciLs 'with* cvi Tf ' middle lamella? may be the original thin walls, on which 

lamella (»«); i the i hole of the' cell '>■«*»- .... . 

po&ed on this middii lamdia ;/ the fthc the thickening-layers have been deposited on both 

cell, from which the ontctits have b< wed. 1 . . 

4 from the cortkai buc of the sn sides; this view has also found its defenders, 

tiiutn (.Jtttm&typar xu\ ; It wood- .:11s from the 

inner pan of the wc .d of a youn,i fibro-vascuiar by whom the middle lamella was distinguished 

bundle of the sunflower; C wood of Pt»u\ syl- ° 

ve*tru,st a medullary ray (xson). as the ‘Primary Cell-wall. lhe remaining thick- 

ness is then correspondingly described as * Se- 
condary/ or if it is differentiated into two shells, as ‘ Secondary ’ and * Tertiary 
Cell-wall/ 


1 On the formation of the cortex of Ceramiacea; see Nagel i, Die neueren Algensystcme 
(Neuenburg 1847), and Nageli uiul Clamor, Pflanrenphysiologisclie Untersuchungen. 

u II. v. Mohl, Vermischte Schriften botanisclien Inlialts. Tubingen 1K45, p. 311 et uq.— 
Ditto, Die i egetabilische Zelle, p. 196. — Wigand, Intercellularsubstanz mid Cuticula. Braunschweig 
1850. — Schacht, Lehrbuch der Anatomic und Physiologie der Gewachsc, 1856, vol. I. p. 108. — 
Muller, Jahrb. fur wiss. Bot. vol. V. 1867, p. 387.— liofmeister, Lchrc von der Pflanzcnzclle. Leipzig 
1867, §31. 
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In lignified tissues the middle lamella is generally thin but strongly refractive, 
and is formed of dense substance not capable of swelling. When the rest of the 
substance of the cell-wall has been dissolved in concentrated sulphuric acid, it 
remains (in fine transverse sections) as a delicate net-work ; if, on the other hand, 
the cells are isolated by boiling in potash or nitric acid, this middle lamella is 
dissolved, while the rest of the cell-wall is preserved, as in all wood-cells and 
very many bast-cells. In other cases, as has already been mentioned in Sect. 4, 
the middle layers of the partition-wall of adjoining cells are, on the contrary, 
converted into mucilage; the layer of cellulose immediately surrounding each 
cell-cavity is dense, and the whole appears as if the cell-wall were imbedded in 
a mucilaginous refractive matrix (the so-called ‘intercellular substance'); this occurs 
in many Fucaceae and in the endosperm of Ceratonia Siliqua (Fig. 39, p. 36). On 
a fine transverse section through the cambial tissue of a branch of Finns syl- 
7 )esfris, the two phenomena here described may be seen side by side; the wood- 
cells show the thin dense middle lamella; the young bast-cells appear deposited 
in a soft mucilaginous substance, which is especially thick between the radial rows 
of cells, and is interspersed with fine strongly refractive granules (crystals); but 
both forms arise out of the same young tissue (the cambium), the walls of which 
are simple thin lamellae, between which the cell-cavities themselves appear as so 
many compartments. Objects of this kind are well adapted to prove the correct- 
ness of the supposition that in general the formation of denser or softer middle 
lamellae depends only on a differentiation of the substance of the partition-walls 
during their thickening, a view which explains in a perfectly simple manner all 
the phenomena belonging to it, and altogether accords with growth by intus- 
susception. 

The thin perfectly homogeneous lamella of cellulose which bounds the young 
cells never exhibits a separation into two lamella;; the boundary-line between the 
two cells is never marked by a 
fissure dividing the partition-wall. 

Nevertheless such a splitting of 
the still very thin lamella often 
takes place when the surface- 
growth is more rapid, as in 
the formation of the intercellu- 
lar space, in the large-celled 
succulent tissue (parenchyma) of 
vascular plants, in the formation 
of stomata, &c. Fig. 58 shows 
some fully grown parenchyma- 
tous cells from the stem of the Fig. 58.-- Transverse section through the succulent parenchyma of the 

. . , stem of the maize; irw common partition-wall of each pair of cells; j inter- 

maize m transverse section; the cciiuiar space caused by the spiuting of the waii(x 550). 
cells were at first bounded by 

perfectly flat walls, which met nearly at right angles; as the size increased, a 
tendency arose towards a rounding off of the polyhedral forms, the unequal 
growth clearly leading to tensions which are only neutralised by the destruction 
of the cohesion in the substance of the cell-wall on the line where one wall meets 
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the other. Thus a fissure arises which, in consequence of the mode of its origin, 
assumes the form of a triangular prism with concave sides (Fig. 58, a). It is 
filled with air, and becomes one of those intercellular spaces which very usually 
form in the parenchyma a continuous system of narrow channels. Not unfrequently 
the portions of the wall which bound the intercellular space grow rapidly, and thus 
it increases in size; the cells assume irregular star-shaped outlines in transverse 
section, touching one another only at small portions of the surface, as in the 
parenchyma on the under side of the leaves of many Dicotyledons, and the 
stem of Juncus effusus. In the faces of the cell, where no other wall intersects 
them, splittings of the homogeneous lamella may also occur locally; sometimes 
these are limited to narrowly circumscribed places, and produce flattened cavities 
in the homogeneous partition-wall. In other cases the splitting into two lam el he 
takes place in such a mapner that only isolated roundish places remain 
unaffected by it; the separated lamellae continue to grow rapidly by intercalary 



Fir., 59.—T wo rows of rells running in n ratli.il tliruc- 
lion (/, //, ///and 1, s , 1) from the cortical parent hjm.i of 
the root of Sa^ittana in transverse sretion; 

n the protrusions, I the intercellular spaces between them 
( X about 350). 




I'lG fin.— I'roin .1 transverse section of the leaf of 
I ‘in us Pinaster ; h half of a rrsm-pnv.a^e, to the left 
parenchymatous cells < nutainmg 1 hlorophyll with 
folds (/) of the cell wall ; t pit-hk«: formations (the 
contents of the cells contracted by glycerin, and con- 
taining drops of oil) ( X 800). 


growth, and bag-shaped protrusions of adjoining cells arc formed which are 
separated by the fragments of the originally unsplit cell-wall (Fig. 59). In other 
cases there follows on the partial splitting of the partition -wall a local growth of 
one or both of the two lamella? (or of only one), so that a fold arises which intrudes 
into the ccll-cavity, as shown in Fig. 60, f. Finally, in some species of the genus 
Spirogyra , the septum between each pair of cells splits into two lamella,*, each of 
which grows as a protrusion into the interior of the adjoining cell, and, when 
the adjacent cells separate, becomes turned inside out somewhat like the finger 
of a glove previously folded in. When the walls of cells forming a tissue split 
everywhere into two lamella? (the separation proceeding always from the inter- 
cellular spaces) and become rounded off, a complete dissolution of the tissue 
takes place into a mere mass of isolated cells. This occurs in the flesh of many 
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succulent fruits ( e.g . Symphoricarpus in winter), and can sometimes be artificially 
brought about by continued boiling in water (as in potato-tubers). 

The origin of the partition-walls in tissue-cells which increase by bipartition 
by no means requires the supposition that they were originally composed of two 
lamellae. In this case one would be led, by a consideration of the properties 
of tissues where numerous divisions follow one another and intercellular spaces 
afterwards arise, to extremely complicated hypotheses, which, moreover, are not 
in harmony with growth by intussusception. Even where the union of the cells 
into a tissue arises from the amalgamation of originally separate cells (not sister- 
cells), the union of the cell-walls is so intimate that no boundary-line can any 
longer be perceived; and the formation of a middle lamella proves also in such 
cases 1 * (as does the formation of a middle lamella generally) that the hypothetical 
boundary-surface does not exist, and that the splitting of the homogeneous lamella 
is a consequence of different growth on its two sides. Both the manner in which 
the splittings of the thin homogeneous partition-walls arise, and also the formation 
of the middle lamella of thick walls, contradict the supposition of an originally 
double partition-wall in tissue-cells a . 

The splitting of the partition- wall and the growth of its now separated lamellae 
lead to a variety of configurations in the interior of tissues, which may be col- 
lectively included in the conception of the Intercellular Space. To this belong 
especially the large air-conducting channels in the tissue of many water and marsh- 
plants (Nymphaeaceoe, Irideae, Marsileaceoe, &c.), and the formation of the cavity 
between the wall and the spore-sac in the sporogonium of Mosses 3 . Peculiar 
processes of growth of the adjoining cells are not unfrcqucntly connected with 
the origin of intercellular spaces, of which the following are examples: — the for- 
mation of ordinary stomata, of the peculiar stomata of the Marchantiese, and of 
resin and gum-passages (vide infra). 

But the behaviour of the partition-wall of two cells contributes in quite a dif- 
ferent manner to the production of air- or sap- conducting channels, which, like 
the air- or sap- conducting intercellular spaces, may form a continuous system 
throughout the plant. This happens by the partial or entire absorption of the 
partition-walls of adjoining cells, by which the cavities of long rows of cells of a 
tissue become connected. Unger has appropriately designated this a Coalescmce 
of Cells . Vessels of this kind ( Trache'ides of Sanio) are formed in the xylem 
of the fibro-vascular bundles, from which the protoplasm and cell-sap have dis- 
appeared; they serve for conducting air. In the sieve-tubes in the bast-portion 
of the fibro vascular bundles, on the other hand, the watery mucilaginous 
contents of the cells are not replaced by air ; the communication established 


1 For examples see Hofmeister, Ilandbuch, vol. 1 . pp. 262, >*63. 

a 1 may remind the reader of the cleavage of crystals as an analogous case; the cleavage- 
surfaces are determined by the molecular structure, but there is a wide difference between them 
and true fissures, however fine. 

8 The wide air-canals in the stem of Equisetace®, Grasses, species of Allium , Umbclliferoc, and 
Compositoc, arise, on the other hand, from the cessation of the growth of inner masses of tissue and 
their drying and splitting, while the surrounding tissues continue to grow. 
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between the cells of one row serves rather for a more rapid movement of the 
contents over greater distances. Latici/erous Vessels must also be regarded as 
composed of coalesced cells; they are the result of very early and complete 
absorption of the partition- walls of adjoining cells, belonging to straight or much 
branched rows in different systems of tissues. 

Here however it is only necessary to point out the contrast between vessels 
produced by the coalescence of cells and intercellular spaces; a more minute 
consideration will come better in describing the systems of tissue. 


(a) * Intercellular Substance' and * Primary Cell-wall ' The hypothesis implied by 
these terms could only be entertained so long as it was supposed that the original 
thin lamella between two adjoining tissue-cells was double, and so long as it was 
believed that the stratification of the cell- wall was brought about by the deposition of 
new layers. The expression that the original partition-wall between two tissue-cells 
is double can only be understood in two senses: — either it means that the lamella 
consists of molecular layers, and that two of these contain between them the ideal 
boundary-surface of the two adjoining cells, or that there is an actual interruption 
of molecular connexion. The last supposition does not rest upon observation ; 
it is besides contradicted by the detection of weak boundary-lines between 
layers which nevertheless are molccularly united, and have no cleft between them. 
Thus in the layers of thick cell-walls and of starch-grains there are no clefts, and 
yet the boundary-lines between the layers may be seen. If the first alternative is 
assumed to be correct, the question with reference to the intercellular substance 
depends on a mere verbal controversy; for if the original homogenous partition-wall 
is held together everywhere by molecular forces, and the supposed boundary-surface 
is no interruption of the molecular structure, then the deposition of a special inter- 
cellular substance at the same place is nothing but a process of ordinary growth by 
intussusception. The fact that the boundary-line between cells previously separate 
disappears by subsequent coalescence proves that the outer molecular layers of cell- 
walls may enter into molecular union. If in such cases a middle lamella is after- 
wards differentiated, this is the most striking evidence against the explanation of 
it as primary cell- wall. If an attempt is made to follow step by step the be- 
haviour of developing woody tissue on the theory of the primary cell-wall, one 
is immediately involved in difficulties which do not arise on the supposition that 
the middle lamella is simply the result of subsequent differentiation. 

(b) Examples of the formation of Intercellular Spaces. The origin of these spaces 
is very often connected, as has been mentioned, with a pecul ar development of 
the separating cetfs, quite different from that of the rest of the tissue; so that the 
intercellular space together with its surrounding cells constitutes a peculiar form of 
tissue or an organ for a definite purpose. The observation of some cases of this 
kind is well calculated to show the beginner how, even in tissue-formation, processes 
which are morphologically similar or equivalent lead to entirely different physiological 
results. This subject will be treated in a more general and detailed manner in the 
third Chapter, and in Book III. 

(i) The cleft of the Stomata of the epidermis belongs to the category of Intercellular 
Spaces, and its origin is peculiarly calculated to afford an insight into the mode of 
formation of an intercellular space. I have chosen the stomata on the leaves of 
Hyacinthus orientalis as an example. Figs. 61-64 arc transverse sections perpendicular 
to the surface of the leaf; ee in all of them are the epidermal cells, pp the parenchyma 
of the leaf. The stoma, S , is formed of a rather small epidermal cell, which divides 
into two equal sister-cells by a wall vertical to the leaf; in Fig. 61, S , this has just 
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taken place ; the partition-wall is formed *, and appears as a very thin simple lamella, 
which soon thickens, and especially where it meets the wall of the mother-cell (Fig. 
62, J). The thickening-mass appears at first quite homogeneous; afterwards an 
indication of stratification is to be observed, and the first trace of a separation into 
two (Fig. 62, J 5 ). In Fig. 63, t , the splitting is already completed; the growth of 
the separated lamellae now proceeds in a peculiar manner, so that a cleft arises 



Fins. -Development ut the stomata in the leaf of Jlymintkus oriental ts, seen in vertical section (X 800). 


which is narrower in the middle, wider without and within, and which connects the 
intercellular space / (the stoma) with the external air (Fig. 64). It is worth mention 
that before the division of the mother-cell an obvious cuticle has already over- 
spread it together with the adjoining epidermal cells. This cuticle is easily 
recognised in the condition R , Fig. 62, while still continuous; by the splitting 
of the partition-wall into two lamellae it finally becomes ruptured (Fig. 63), and 
by the cuti<;ularising of the outermost layer 
of the now separated lamellae it is afterwards 
continued over the surfaces of the cleft (Fig. 

64). If the process of the formation of the 
stoma is followed in a front view, it is seen 
that the splitting of the partition- wall does 
not extend throughout, but that a portion 
still remains undivided at each end where 
it adjoins the original mother-cell-wcll. The 
two cells which enclose the cleft, or Guard- 
cells , are not only distinguished from the 
other epidermal cells by this peculiar mode 
of division and of growth ; they also differ from them in containing chlorophyll and 
starch. 

(2) In the family of Marchantieae belonging to the Hepaticx, the origin and 
structure of the stomata (Fig. 65, B f sp) is much more complicated; of this we must 
speak hereafter. Here it need only be pointed out that even before the formation 
of the stoma the epidermal cells become detached from those lying beneath over 
rhomboidal areas which are marked off from one another by walls formed of cells 
which are not detached (Fig. 65, J 3 , ss). These large hypodermal chambers, each 
of which opens to the outside in its middle by a stoma, are destined to enclose the 
chlorophyll-containing tissue of these plants. The layer of cells which forms the 



1 I was unable to detect nuclei immediately before and for a considerable time after the 
division. [Strasburger has however succeeded with preparations preserved in alcohol in distin- 
guishing, in the development of stomata in Iris pumiln , the nucleus of the mother-cell and the 
successive stages of its division; see Ueber Zellbildung und Zelltheilung, p. 115, t. v. figs. 38, 39; 
French translation, pp. 114-116.] 
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bottom of each chamber, after repeated divisions vertical to the surface, sends out 
protrusions upwards into the cavity ; these grow in a manner similar to many fila- 



Fir„ 6;;. -r Transverse section through the horizontal thalluc of Marchmttta //•/» mot f ha ; yf central pnrt, furnished 
on the under lido with the leaf-likc appendages b, and the rliwoids h (x ; It marginal part of the thalhis, more highly 
magnified; / colourless retit ulatcly thickened parenchyma; o epidermis of the upper side; chi the ceil*. containing 
chlorophyll; sj> stoma; s partition- walls botnet n the hjpodcrmnl rhamhi rs ; u lower epidermis with dark-coloured 
< ell-walls. 



FIG. 66. •'•Sap-conducting- intercellular passages in the young stem of ivy, in transverse section (X Son ) ; show 

young passages at^, placed at the boundary of the cambium c and the soft bast r vb ; h the xylcin ; k in J> and l. larger 
and older passages, lying at the boundary of the bast b anti the cortical parenchyma rf>. 


mentous Algae, divide, branch, and form chlorophyll, while the whole of the rest of 
the tissue of these plants is devoid of it. 
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(3) The origin of Resin Gum~ } and Latex-passages depends also on the formation 
of intercellular spaces with a peculiar development of the cells which bound them. 
As I shall recur again to these structures, it is sufficient here to refer to one example. 
Fig. 66 represents passages of this kind in the transverse section of young portions of 
the stem of the ivy. Conditions such as £, C show clearly that the intercellular 
space arises by the parting of four or five cells; and that these latter, distinguished 
by their turbid granular contents, increase by division. The formation of the much 
wider passages I), E must also be referred to a subsequent increase and growth 
of the cells which surround the passage. By the growth of the cells which bound 
the intercellular passage, as well as by the manner of their division, by their con- 
tents, and by the circumstance that they excrete a peculiar sap into the passage, 
a structure of this kind becomes a differentiated part of the tissue, which is 
sharply marked off from its environment, and has a physiological function of its 
own. 

Sect. 14. Forms and Systems of Tissues. — The entire mass of the cell- 
tissue which forms the body of a plant may be uniform or not; in the first case 
the colls are all similar to one another, and their modes of union everywhere the 
same. This case is rare in the vegetable kingdom; and it is only the simplest 
organisms that are constructed in this manner. Since in a homogeneous undifferen- 
tiated tissue all the cells are alike, their union into a whole is physiologically and 
morphologically of very subordinate importance, because each cell represents the 
character of the whole tissue. Hence it not unfrequently happens in these cases 
that the cells become actually isolated, and continue their life singly; and such 
individuals are termed Unicellular Plants. Only a little higher are those which 
consist of an unbranched row of perfectly uniform cells, or of an aggregation 
of such into a plate or mass. When numerous and densely crowded cells 
form a mass of tissue, then it is usually the case that different layers of tissue 
develop differently; the plant then consists of differentiated tissues. In general 
their arrangement is determined by the fact that the whole mass of tissue has 
a tendency to become definitely bounded on the outside, so that there arises 
a differentiation of outer layers of tissue from the inner mass. But in the 
interior of the mass enclosed by this Epidermal Tissue fresh differentiations arise 
in the higher plants; string-like arrangements of cells are formed, separated 
from one another and from the epidermis by Fundamental Tissue; these strings of 
tissue, the Vascular, Fibrous, or Fibro-Vascular Bundles , usually follow in their 
longitudinal course the direction of the most vigorous growth which immediately 
precedes their differentiation. Not only the epidermal layer, but also the vascular 
bundles and fundamental tissue, are however usually themselves differentiated ; 
the epidermal tissue into layers of different nature; the bundles also exhibit 
differentiation and generally in a still higher degree. In this manner arise in the 
higher plants, instead of different layers, Systems of Tissues. We thus usually 
find an Epidermal System, a Fascicular System , and the System of Funda- 
mental Tissue lying between them (Fig. 67). But whenever a differentiation of 
tissues of this kind occurs in a plant, it only takes place progressively; originally 
the whole mass of a growing portion of the plant (stem, leaf, or root) consists 
of a uniform tissue out of which, by diverse development of its layers, these 
tissue- systems have their origin. This tissue of the youngest parts of plants 
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which is not yet differentiated may be termed Primary Tissue , or, since its cells 
are always capable of division, Primary Merisiem l . 


In the present section a separate paragraph is devoted to each tissue-system, 
and a description will first be given of* the various forms of cells and tissues which 

are constituents of all systems. Those 
forms which are peculiar to one or 
another system will be discussed in 
their proper place. 

(a) In reference to external form, 
the following cell-combinations may 
be enumerated:— 

(i) The term Tissue may be ap- 
plied par excellence to aggregations of 
similar cells which, without any well- 
defined external form, consist, in what- 
ever direction the section be made, of 
numbers of cells. Illustrations of such 
tissues occur in the greater number 
of the larger Fungi ; the fundamental 
tissue of thick stems of Ferns and 
Monocotyledons is a parenchymatous 
tissue penetrated by other forms of 
tissue in the shape of strings. In 
Dicotyledons the pith especially comes 
under the same denomination ; it may 
also be found in the purest form in the 
flesh of succulent fruits. In stone- 
fruits. such as the peach, plum, cocoa- 
nut, &c., the stone consists of a 
sclerenchymatous tissue. It may also 
occur that forms of tissue which 
differ morphologically may be aggre- 
gated into a mass of tissue uniform 
in its physiological characters, as in 
the secondary wood of trees and the succulent tissue of tubers, such as the potato, 
dahlia, See. 

(2) A row or Filament of Cells is composed of similar cells placed singly side by 
side or in rows; but they are usually connected genetically. Isolated filaments of 
this character occur in the hyphae of Fungi and in many Alga?, where they have 
arisen by transverse partition of an apical cell or by intercalary transverse division. 
In the higher plants we have abundant illustrations:— in the epidermal hairs, vessels^ 
laticiferous vessels, sieve-tubes, tannin-receptacles (as in the phloem of Phaseolus), &c. 
which are found in the interior of tissues. 

(3) A simple Layer qf Cells results where similar cells are so united in one plane 
that the entire layer is only a single cell in thickness. Among Cryptogams it is not 



Fit; 67. — 1 r.nisfccrv. section of the stem of Seiaf>iuclia mtrgnali- 
folia. The f*uter of cortical have thick dark coloured cell-walls; 

the thinner’ Mailed fundamental tissue envelopes three fibre-vascular 
bundles, serrated from it by large intercellular spaces ! (x yoo). 


1 It may not be superfluous to remark that the pith and cortex are neither forms nor 
systems of tissue, but are altogether indefinite and undefinablc; we speak, for example, of 
cortex in Thallophytes in quite a different sense to what we do in Vascular Hants ; the cortex of 
Monocotyledons is something different from that of Conifers and Dicotyledons; in the latter the 
cortex has quite a different signification in young and in older paits of stems. The same is the 
case with the pith. 
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FlC, 6R.— Transverse section of a part of the petiole of Nuphar at’rena; 
i* large into cellular spaces hounded by simple layers of eel la; j jr stellate id oblasts; 
jr a fibro-vasi ulai bundle. 


rare for a whole organ to consist of a single layer of cells, as the leaves of Junger- 
manniese, or even the entire plant, as among Algae in Viva and Rytipbleea. In the 
higher plants the epidermis usually consists of a single layer, and this is not unfre- 
quently the composition of the vascular bundle-sheath (always in the case of young 
roots); in water and marsh- 
plants the fundamental tissue 
often resolves itself into simple 
layers which enclose large in- 
tercellular spaces, as in Nuphar , 

Fig. 68, Salvinia , Musa, &c. 

It is not uncommon for masses 
of tissue to be composed of a 
number of simple layers of 
cells, as occurs frequently in 
the secondary wood of trees 
and the primary cortex of 
branches and roots; or seve- 
ral simple layers alike among 
themselves are in close juxta- 
position, as in the epidermis 
of the leaves of Begonia and 
Ficus elastic a, 

(4) A String or Bundle 
of Cells is an elongated mass 
of tissue, the transverse sec- 
tion of which consists of a 
number of cells. Many of 

the lower plants, such as some simple Fungi and Florida*, consist of such strings 
of cells. The fundamental tissue of the higher plants is sometimes traversed by 
bundles of peculiar cells ; such are the 
brown sclercnchymatous strings in the 
stem of Pteris aquilina and of Tree-ferns. 

The true bast of Dicotyledons not unfre- 
quently forms bundles in the soft bast. 

In all vascular plants the bast-like and 
wood-forming elements are united into 
bundles, the Fibro- vascular Bundles, which 
form true tissue-systems, and traverse the 
fundamental tissue. 

(5) Groups of Cells are roundish aggre- 
gations of similar cells. In the lower Alga?, 
as the Chroococcaceae, groups of this nature 
arise, each from a single mother-cell, and 
carry on an independent life as Cell families . 

In the fundamental tissue of the higher 
plants groups of peculiar cells are often 
formed, strikingly different from those that 
surround them, as for example the groups 
of laticiferous cells illustrated in Fig. 69, 
or the groups of sclercnchymatous cells in 
the soft flesh of pears. True (compound) 
glands are formed by the dissolution of such groups of cells {vide infra). 

(6) In the cases already named a number of similar cells are always united into 
a whole; but it also frequently happens that a single cell acquires a character 

G 



FIG. 69.— Vertical section or a lea' of rsoralea Hirta ; 
tn a jjroup of laticiferous cells imbedded in the chlorophyll* 
tissue p\ee the tipper and under epidermis. 
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different from that of the surrounding ones, owing to a difference either in its form 
or its contents; as for instance the stellate hair formed in the interior of the tissue 
of Nymphiracex (Fig. 68), and the Ltthocysu in which the cystoliths (Fig. 5 3t P* 
are foirned, & c. Cells marked by such a striking peculiarity 1 propose to call 
Idioblasts ; the special forms will be described further on. The term Eremoblast , on 
the other hand, may be given to all those forms of cells which detach themselves 
altogether from their sister-cells, and continue an independent life ; such as the spores 
of Cryptogams, antherozoids, pollen-grains,' some gemmae of Hepatic a:, &c. The entire 
individuals of sonic lower plants are eremoblasts, as most Destnidicx, Bacillarit?®, 
and Siphonea* ( Unicellular Plants). There is this in common between idioblasts and 
eremoblasts, that the individual cells usually attain a high degree of development; but 
with this difference, that in the former the development is commonly in one direction 
only, while in the latter the individual cell may undergo the most varied differentiation, 
constituting in itself an organism endowed with independent life. 

(b) Nagel i classifies all the various forms of tissue under two primary heads : — 
Generating Tissue or Meristem , and Permanent Tissue. This classification is by no means 
parallel with one into younger and older cells ; for, even when the former consists of 
younger, the latter of elder cells, there are also other additional and important 
differences. 

(r) Meristem consists of cells which increase slowly in size, and divide repeatedly 
in such manner that some of the resulting cells continue to divide, while others 
pass over into permanent tissue. The cells which are still capable of division 
< nierisni.it ic' ) are mostly much smaller than the permanent cells which are developed 
from them, and arc more or less similar to one another; they are easily rccognbcd 
by their smooth thin walls, the quantity of protoplasm they contain, and the absence 
of any coarsely granular deposits. Meristem may be again divided into the two fol- 
lowing kinds : — 

(a) Primary Meristem comprises the whole cellular tissue of very young organs or 
parts of organs, as the apices of roots and stems, the youngest leaves, and the embryo; 
from it are subsequently developed the later forms of thsuc. We shall hereafter 
discuss this form of tissue more in detail. 

(b) St rend ary Meristem occurs in those organs or parts of organs which have 
advanced beyond the condition of primary meristem, and therefore contain differentiated 
forms of permanent tissue, among which the secondai y meristem is usually found in 
the form of thin .layers, and furnishes, from its power of forming cells, the material 
for the production of new permanent tissue in addition to that already in existence. 
Various forms of secondary meristem will be hereafter described under the names of 
Cambium , Thickening - ring, and Phellogen or Cork-cambium. 

It not unfrequently happens that the large cells of a permanent tissue which have 
already attained a high degree of development, with moderately thick walls, a large 
quantity of cell-sap, but a relatively small proportion of protoplasm, and which 
contain chlorophyll-granules or other coarsely granular deposits, begin to grow 
and to divide afresh ; as, for example, in the primary cortex of annual shoots and 
steins when they increase rapidly in diameter. The cortical cells are compelled, by 
the increase in size of the wood, to stretch in a tangential direction ; each breaks up 
by repeated radial division into a number of segments (as shown in Fig. 56, p. 71); 
and these, as soon as they are formed, behave like mature permanent cells. Among 
plants of very simple structure such a division of more mature cells takes place in 
Conjugatae, especially in Spirogyra (Fig. 13, p. 17). A tissue in this condition has 
been termed Older Meristem, in contrast to Younger Meristem, in which all the 
dividing cells are still in their youngest condition. 

(2) Permanent Tissue is the result of a further development of those cells of the 
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primary and of the various forms of secondary meristem which no longer divide, but 
grow vigorously, and finally attain a definite development, in which they are of service 
to the plant by the rigidity or some other property of their cell-walls, or by the 
chemical activity of their contents. The most various forms of permanent tissue result 
from similar cells of the same primary or secondary meristem. 

On attaining their permanent condition many forms of permanent tissue lose the 
whole of their living contents, especially their protoplasm, of which dry granular vestiges 
arc sometimes left behind. Such forms of tissue may be termed Kmenchyma \ and 
include, for example, cork-tissue, and the tracheal elements of the wood-vessels and 
vesscl-like wood-cells. In contrast to this is the Succulent Tissue, the cells of which, 
during the life of the organ, remain filled with chemical products of the vital activity 
of the plant, not with air or water. These succulent tissues may again be divided 
into two groups: — In the first the cells still contain protoplasm in an active vital 
condition, and are therefore able, under favourable conditions, to grow and divide 
afresh — i,e. to pass over into older meristem, phellogen, &c., or, on being wounded 
to form a callus or cork- tissue— as, for example, in chlorophyll-containing tissue, 
the succulent parenchyma of cortex, or of tubers, &c. In the second kind the cells 
pass into a condition of permanent quiescence, as in all those cases in which the 
protoplasm becomes unrecognisable, or remains behind as a doubtful residue; and 
where the cells are filled, not with chlorophyll, starch, sugar, inulin, fatty oil, aleurone, 
or other reserve-materials, but with excrementitious products of various kinds, as 
volatile oils, resin, gum, cystoliths, clusters of crystals, &c. Cells of this description, 
and tissues composed of them, are apparently never capable of any further develop- 
ment; they are incapable, for example, of forming a healing cork-tissue over wounded 
surfaces. There is however no sharp line of demarcation between these different 
forms of tissue distinguished by their contents ; it is only the extreme cases that can 
be thus characterised. 

We also find the greatest variety of intermediate links, if we consider the various 
kinds of tissue in reference to the thickness and consistency of the cell-wall. 
Starting from ordinary succulent parenchyma with thin but firm and elastic walls 
composed of nearly pure cellulose, we see how, on the one hand, the thin cell-walls 
become converted into cork (periderm), while on the other hand the cell-walls of 
other kinds of tissue thicken and become lignified or converted into mucilage, or 
as hard as stone. The nature of lignification and conversion into mucilage has 
already been pointed out ; the collenchyinatous development of certain hypodermal 
tissues will lie spoken of hereafter ; here it is necessary only to refer to the fact 
that layers, strings, or groups of cells are frequently distinguished by the extraordinary 
hardness and thirkmss of their cell-walls. Such tissues, which may arise in all systems 
— as for instance the ‘ Stone-cclls ’ (scleroblasts) in the flesh of pears and in the bark 
of many trees, the dark-brown strings in the stem of Tree-ferns, &c. — may be in- 
cluded under the collective term Sclerenchyma . 

If we now cons der tissues in reference to the form and the mode of combination 
of their cells, it is of course evident that the latter must depend on the former; but 
that, on the other hand, the position of cells, already existing must influence the 
growth, and therefore the form, of those which are developing. If we for the moment 
leave idioblasts out of account, and consider merely the mode of association of similar 
cells, we find that the old distinction into Prosenchyma and Parenchyma can still be 
maintained. By the former is meant a grouping together jpf elongated fusiform pointed 
and usually thick- walled cells, whose ends are dove-tailed between one another without 
intercellular spaces. A prosenchytnatous arrangement of this kind is well seen in 


1 [This term, which has not hitherto been employed, is proposed as the equivalent of the 
German ‘ Leerzellengewebe.*] 
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the fascicular elements of the wood and of true bast; but the fundamental tissue 
is also not unfrequently prosenchymatous. When, on the contrary, the cells are 
roundish or polyhedral, leave wide spaces between them, and touch one another by 
broad faces, the tissue is said to be parenchymatous. In elongated organs, like roots, 
internodes, &c., the cells are usually elongated in the direction of the axis of growth ; 
but are truncated at both ends, and arranged in parallel rows with broad septa. In 
green leaves, on the contrary, there are usually two kinds of parenchymatous tissue: 
— the so-called Palisade-parenchyma beneath the upper epidermis, with cells elongated 
in a direction vertical to the surface of the leaf but densely crowded together side 
by side ; and the Spongy Parenchyma of which the under half of the leaf consists, 
with roundish cells which either leave between them comparatively large intercellular 
spaces, or are furnished with outgrowths and branches with which they touch the 
adjoining cells, so that the tissue becomes still more spongy. The parenchyma attains 
the highest degree of looseness when the cells form a number of many-rayed stars 
which are in contact only by the ends of the rays, as in the steins of many rushes, 
the petiole of Musa , See. The tissue of the larger Fungi (Fig. 55, p. 71) can be properly 
termed neither prosenchymatous nor parenchymatous ; but consists of a number of 
Hyphcty i.e. long slender branched filaments growing at the apex, and dividing trans- 
versely ; it is best to term it a Hyphal Tissue. When the hyphac are densely interwoven, 
and their cells short and broad, a parenchymatous appearance is presented in transverse 
or longitudinal sections, and such a tissue has been called Pseudo-parenchyma . 

It has already been mentioned that it is not unusual for individual cells in a tissue 
otherwise iiomogeneous to become developed in a manner strikingly dillerent from 
their neighbours; to such cells I have applied the term Idiohlast . They may differ 
from the surrounding tissue in three different ways:-- (1) Their form is the same, 
but they are distinguished by their contents; as, for example, by a coloured cell-sap, 
or by containing a volatile oil, resin, gum, or other similar substance, in which case 
they arc termed Simple Glands ; or they may contain groups of crystals, bundles 
of raphides, or cystoliths, in which case I have termed them Litbocysts. (2) In cells 
which contain a coloured sap, simple glands, and litbocysts, the cell-wall remains thin, 
while in other cases it becomes so thickened that the cavity of the cell is reduced 
to a narrow canal or a small central hollow ; the thickened cell-wall manifests strati- 
fication and pore-canals, and is usually very hard. 1 dioblasts of this kind may be 
included in the general term Stone-cells or Scleroblasis. They are seldom isolated, 
but more often associated in groups or layers, and then form the tissue already de- 
scribed as Sclercnchyma. (3) In the two kinds of idioblasts already described a 
tendency is exhibited to attain a larger size than that of the surrounding cells; 
scleroblasts are especially characterised by outgrowths. In the third group this takes 
place to a remarkable extent, this kind of idiohlast being distinguished not only by 
its contents and the form of its cell-wall, but especially by its great increase in 
size and vigorous growth and branching. This is illustrated to a moderate extent in 
Fig. 16 (p. 21), more strikingly in tlu* Spicular Cells of Gymnosperms (Fig. 52, p. 66), 
which usually contain a number of crystals in their thick wall, are considerable in 
size, and generally branch extensively. To this cla>s belong also the internal 
‘stellate hairs’ of the petiole of Nuphar (Fig. 68, p. 81) ; and closely allied to these are 
the structures termed by Van Ticghem 1 ‘pods’ in the fundamental tissue of the 
Monsterinex, a group of Aroide e. Fig. 70 represents a longitudinal section through 
the petiole of Monstera deliciosa ; a cell s lying in the middle parenchymatous row 
has branched right and left and put out two arms extending upwards and downwards 
into the intercellular spaces of the parenchyma, one of which has again put out a small 


1 Van Tieghem, Structure des Aroidees ; in Ann. dcs Sci. Nat. 1866, vol. VI. Sec also Otto 
Buch, Ucbcr Sclerenchymzcllen. Breslau 1.870. 
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lateral branch. The wall of this cell has become so thick that its cavity is reduced 
to a narrow Canal. These cells are very abundant in the tissue of Monster ineae, 
and present the appearance, when the petiole is broken across or cut with a blunt 
knife, of tough, slender hairs projecting out of the tissue. For idioblasts of this kind 
I propose the term Trichoblast , in order to express their resemblance to many epi- 
dermal trichomes. Those now referred to have such thick walls that their contents 
are of very little importance from a physiological point of view, if indeed they do 
not altogether disappear and become replaced by air. But in other casfis they 
contain latex, which flows out in greater or less abundance when the plant is wounded. 
Such structures, the peculiarities < f which were first 
recognised by David 1 and compared by him to the 
trichoblasts in the petiole of Monsterineae, and termed 
Latieiferous Cells, were previously confounded with 
true latieiferous vessels which result from a coales- 
cence of cells (see p. 86). The receptacles for latex in 
Euphorbiaeeae, Moreac, Apocynaeeae, and Asclepiadea* 
arc very long cells which are closed on all sides, often 
much branched at the ends, but not communicating 
with one another ; they are formed at an early period, 
near the apex of the stem in the young fundamental 
tissue of the primary cortex, or of the pith when the 
side of the vascular bundles next the pith contains 
phloem (Hoy a - cam os a) ; in other cases latieiferous cells 
belonging to the cortex put out branches through the 
ring of wood into the pith (Euphorbiaccar, More#). 

The latieiferous cells of the leaves arc, in the case of 
Euphorbia , only prolongations of those of the inter- 
nodes. The extraordinary length of the latieiferous 
cells, especially in Hoya carnosa , makes it difficult to 
recognise their true nature; but it is easily explained 
by their early formation near the apex of the stem, 
which necessitates their keeping pace with the growth 
in length of the stem as well as that of the whole 
surface of the leaf. These latieiferous trichoblasts are 
most easily seen in Euphorbia splendent, since they are 
readily isolated in consequence of their thick firm cell- 
wall, and can be distinguished with certainty from any 
other form of tissue, by the peculiarity in the form 
of the starch-grains as well as the coagulated latex 
which they contain. The latieiferous cells represented 
in Fig. 71 (slightly magnified and reduced about J in 
length) have been obtained by allowing the ends of , 1 I r ;!^ h 70 ;,“ F "™ w “ 
branches of Euphorbia splendent to decay in water until .• a a i>ureru.iiymf»t«>us ecu* ; jr 
the tissue has become very soft; lumps of the soft clo ' a5, 

mass were then dissected with needles under the microscope, and the pulpy tissue 
washed away as completely as possible, until the long latieiferous cells were ex- 
posed, and allowed their closed ends to be fully examined. The structure of the 
latieiferous cells in the leaves can, according to David, be determined with much 
certainty by first extracting with alcohol, and then rendering them transparent by 
boiling in potash. In Ficus elastka the latieiferous cells are thin-walled and more 


1 C. David, Ueber die Milchzcllen der Euphorbiacccn, Moreen, Apocynccn, u. Asclepiadcen ; 
Dissertation. Breslau 1872. 
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difficult to follow; still more so in the oleander, where also the contents are more 
limpid. 



•/« - i„:ui* if»*»«jus < olls'frujn the cml «»f n 
)>ranv.h o I / uphorbia «yV<wV« i, exposed l>y 
niacci'.itioii ; ,/ the wliol** of one .nid part of 
anoth-r latieifcrous cell (s'l^htly uia^mticd) ; />’ a 
piece of one contnittmr sl.irrli-^r«iins of peculiar 
form ( c u ngl)' n Minified), 


A Coalescence of Cells arises from the tissue-like union 
of similar cells, until their contents completely coalesce, 
the partition-walls becoming partially or wholly ab- 
sorbed. In this manner are formed those filiform ag- 
gregates of intercommunicating cells, constituting tubes 
filled with air or sap, which arc known as Vessels , such as 
Wood- vessels, Bast-vessels or Sieve-tubes, and Latici- 
ferous Vessels. But roundish groups of cells may also 
coalesce by the absorption of their walls and the forma- 
tion of a single large cavity filled with sap; these are 
included under the general term Glands (or may be 
specially distinguished as Compound Glands). Just as the 
distinction between idioblasts and true tissue-cells is 
only a progressive one, depending on the augmentation 
of certain characters, so a coalescence is only an extreme 
case of the ordinary behaviour of adjacent cells; the 
contents of these mingle to a certain extent through 
their partition-walls by diffusion (osmose). Hence we 
frequently meet with tissues consisting of peculiar cells, 
which behave physiologically as if they had coalesced, 
although it is questionable whether the cavities of the 
cells are actually in communication one with another. 

True Latkferous Vessels are composed of coalescent 
cells containing latex and endowed with the same pro- 
perties as we have already described as belonging to the 
laticifcrous cells of Euphorbiace®, More®, Apocynaceae, 
and Asclcpindca*. As far as can be judged from obser- 
vations which are not yet brought to a conclusion, these 
vessels originate from rows of cells in the young tissue, 
and especially in the fibro-vascular bundles, coalescing 
at an early stage by the complete disappearance of 
their transverse septa; long tubes (as shown in Fig. 
72) being thus formed filled with latex, which usually 
anastomose with one another laterally, and traverse the 
whole plant in the form of a continuous system of 
tubes *. 

The Ciehoriaeeir, Campari alacca-, and Lobeliaccse 
possess very perfectly developed laticifcrous vessels 
belonging to the fibro-vascular bundles, which they 
accompany throughout the whole plant in the form 
of rcticulately anastomosing tubes, imbedded, in the 
case of C ichor iacea? in the outer, in that of the 
two other orders in the inner phloem-layer. Their 
form is best recognised by boiling sections of these 
plants for some minutes in dilute potash solution ; the 
anastomosing tubes are then clearly recognised in the 


transparent tissue (Fig. 72), and it is easy to expose them entirely in large pieces. In 


1 What follows is founded mainly on Ila-istciti’s researches reported in his Prcisschrift, Die 
Milchsaftgefeisse und die verwandten Organe der Rinde. Beilin 1864. Sec* also Dippcl, Fntslehung 
der Milchsaftgefa*sc und deren Stellung in Gefawbundclsystcm. Rotterdam 1865.— Vogel in Jahrb. 
fiii wisa Bot. vol. V. p. 31. 
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Pap^yacex (Carica and Vasconcella) the laticiferous vessels, on the other hand, run 
through the xylem-portion of the fibro-vascular bundles; they— /.r. the cells by the 
coalescence of which they are formed— are repeatedly produced in layers from the 
cambium with the other elements of the xylem ; pitted and reticulately thickened 
vessels alternate with them. The branches of the laticiferous vessels envelope these 
in all directions, and are sometimes firmly fixed to them superficially; but hori- 
zontal branches of th:sc tubes also penetrate the medullary rays, and terminate, 
towards the primary cortex, in scat- 
tered ramifications or recurrent knots, 
as also in the pith if the, stem is hollow. 

As in the other families, a copious 
anastomosis of laticiferous vessels is de- 
veloped in the horizontal partition-walls 
which the medullary tissue forms at the 
origin of each petiole in the hollow of 
the stem, penetrating the horizontal 
partition-wall in countless ramifications 
and in several layers one over anollv r, 
and connecting the vessels belonging to 
the medullary rays with th; se of the 
whole wood-cylinder. In Papavenrca* 

(ChdieloTiiutTi) Paptmer* Sanguinaria) the 
laticiferous vessels are also very per- 
fectly developed; they are not here, 
however, as in the families just named, 
united into ribbon-shaped groups, but 
run mostly at a greater distance from 
one another, dispersed through the 
phloem and the surrounding paren- 
chyma; single ones appear also in the 
pith, but do not penetrate into the 
xylem. Lateral outgrowths and cross- 
anastomoses are seldom found in the 
stein, but abundantly in the leaves, and 
cspcci illy in the carpels, in which close- 
meshed reticulations are formed, ac- 
cording to Unger, in the parenchyma- 
tous fundamental tissue; similarly also 
in the cortex of the root. In this 
family, especially in the parenchyma 
of the root of Sanguinaria canadensis , 
the origin of the laticiferous vessels 
from the coalescence of rows of cells 
may, according to Hanstcin, be proved ; 
owing to their imperfect union the re- 
sulting tubes appear moniliform. In Aroidear laticiferous vessels united into a net-work 
occur in the fibro-vascular bundles and the fundamental tissue; but some genera, as 
Caladium and drum, also exhibit the peculiarity of laticiferous tubes running within 
the xylem, which, from their position, and to a certain extent also from their struc- 
ture, must be regarded as metamorphosed spiral vessels. Simple broad tubes similar 
to these also traverse the fundamental tissue. In the genus Acer the sieve-tubes are 
transformed into 'laticiferous vessels, as may be seen from their position in the phloem 
and the structure of their wall. 

True laticiferous vessels scarcely occur among Monocotyledons. The peculiar and 



Wi.. 7 i—A tangential longitudinal section through the phlol-tn 
of the root of Scot sonent hisfamoi , a number of laticifcrouh 
vessels, anastomosing laterally with one another, traverse the 
parenchymatous tissue ; JJ a small piece o' a laticiferous vessel with 
the adjoining parenchymatous cells, more strongly magnified. 
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abundant latex in the bulb-scales of Allium Cepa is found in broad elongated rows of 
cells, whose broad septa exhibit sieve- or latticed structure, but whose actual per- 
foration is not quite certain (Fig. 73). Where two tubes of this kind lie side 
by side, the longitudinal walls also show a pitted structure similar to that of im- 
mature sieve-tubes. These rows of cells traverse the bulb-scales, at whose base they 
anastomose, as well as the leaves and scapes, in long nearly parallel rows, which are 
generally separated from the epidermis by, from one to three layers of cells. Similar 
rows are formed by the Utricular Vessels' of Amaryllideac, as Narcissus , Leucojum , 
and Gal ant bus ; they resemble, moreover, laticifcrous vessels in this, that the septa 

of the rows of cells become partially, sometimes 
entirely, absorbed; but their sap is not milky, and 
contains numerous needle-like crystals of calcium 
oxalate (raphides). Allied to these are numerous 
other structures in Monocotyledons which bear 
scarcely any other resemblance to laticifcrous ves- 
sels. In some genera of Liliacea?, as Scilla , Ornitho- 
galum, and Muscari , the utricular vessels often consist 
of short interrupted rows of cells, and in the bulbs 
themselves larger isolated parenchymatous cells, re- 
sembling the former in containing raphides. That 
cells containing raphides may, however, unite into 
tubes, which resemble morphologically laticilerous 
vessels, is shown in Commelynacea*. Here rows of 
cells which are early distinguished from those which 
surround them by containing raphides arise in the 
young parenchyma of the fundamental tissue of 
the internodes and leaves. While their neigh- 
bours continue to divide, they do not, but re- 
main unaltered, and their septa are, according to 
Hanstein, absorbed as the entire organ grows and 
the cells in consequence elongate. In this man- 
ner long continuous tubes, filled with 
of enormous length, are formed from the rows 
of cells of the fundamental tissue which contain 
crystals 1 2 . 

As in Monocotyledons we find transitional forms between the imperfect laticifcrous 
vessels of bulb-scales and simple lithocysts which do not contain latex but only 
raphides; so, on the other hand, Sieve-tubes result from a true coalescence of cells 
which usually, it is true, contain mucilaginous proteids, but sometimes also latex, as 
in Acer according to Hanstein, and in Convolvulacea* according to Vogel, /. r. a 

While true laticiferous vessels are confined to a few natural orders, Sieve-tubes, on 
the contrary, are apparently an essential constituent of the phloem (bast-portion) of the 
fibro-vascular bundles. They occur nowhere else, and their morphological structure 
will therefore be spoken of under the fibro-vascular bundles; we must here speak 





lion through >< bulb- 
ic epidermis ; c tlie 
he latex of the utri- 
ular vessel coagulated by potash solution; if <f 
septum; the longitudinal wall which separates 
: utricular vessel from one lying behind it 
hibits a pitted structure. 


1 [These vessels were termed ‘ vesicular * in the 1st edition of this translation. The present 
rendering, corresponding to the French * vaisseaux ulriculcux.* is a more correct rendering of 
* Schlauchgefassc/ and expresses the fact that they are composed of rows of cells (utricles) the cavities 
of which have not coalesced by the absorption of their septa ] 

* See Hanstein, l. c, ; also in Monatsber. der Berliner Akad. 1859. 

9 la addition to the forms of cells already named, latex occurs also in the intercellular passages 
of mmy \ lants, as Rhus. Alisma Plantago , &c„ and occasionally in the vessels of the wood, as 
in C irica, some Convolvulacese, &c. On this subject see Trdcul, Conipl. rend. vol. LXI, 1865. — 
Van Ticghem, Ann. des Sci. Nat., 5th ser. vol. VI, 1866. — David, /. c. p. 57. 
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of them as a special form of coalescence of cells. They make their appearance in the 
young phloem in the form of long tubes arranged in rows, with thin walls and trans- 
verse or oblique septa, on which a net- work of thickening-ridges is soon observed, 
enclosing thinner areolae. At a later period these latter appear to be actually perforated, 
while the thickening-ridges between them often swell up enormously. In this con- 
dition the septum, perforated by a number of pores, is termed a Sieve-plate; it is 
usually broader than the diameter of the tube, which therefore appears dilated at its 
septa, the sieve-plates, and hence acquires a very characteristic form (Fig. 74). Sieve- 
plates of simpler structure are also usually formed in the side-walls where tw'O sieve- 
tubes come into contact. In their early stage the sieve-tubes usually contain a tough 
albuminous mucilage very little affected by various solvents, which accumulates on 
both sides of the plate, and fills up the pores. The peculiar configuration of the 
sieve-plates, and the difficulty of obtaining longitudinal sections of them, render the 
observation of these characters extremely difficult; 
this is especially the case with the perforation of 
the sieve-plates, which can, however, be proved by 
a method first employed by myself 1 * * * * * * . It is suffi- 
cient to saturate thin longitudinal sections of the 
phloem with iodine-solution until the contents of 
the sieve-tubes begin to turn brown, and then to 
add concentrated sulphuric acid; this dissolves the 
cell-walls and the substance of the sieve-plates, and 
nothing is left but the mucilaginous contents coloured 
a deep brown. The accumulations of protoplasm 
on each side of the sieve-plate are now seen to be 
united by slpnder threads of the same substance (Fig. 

74, />), which evidently previously filled the perfora- 
tions or Sieve- Pores ; and their continuity proves 
that the pores actually constituted a connection 
between two neighbouring tubes. Mohl gave to the 
sieve-tubes discovered by Hartig the term Latticed 
since neither he nor subsequent observers 
were able to ascertain the actual perforation ; but 
Hanstein succeeded in determining it by means of 
Schulze’s solution. It is not even yet by any means 
certain whether all the rows of cells in the phloem 
which have in recent times been called sieve-tubes 
have perforated sieve-plates, and are therefore the result of, actual coalescence. The 
cells of the parenchymatous fundamental tissue also not unfrequently exhibit a sieve- 
plate-like structure on their walls (see Fig. 21, p. 24), as, for example, in the pinnae 
of Gycadeae, the bark of Ceropegia aphylla (Asclepiadeae), &c, ; but with respect to the 
latter Borscow unhesitatingly asserts 8 that they are not perforated, the pores being 
still closed by thin membranes. It is an interesting fact that the laticiferous cells of 
Ceropegia , as well as (according to David, /. c. p. 57) those of Euphorbiaceae, are connected 



Fie.. 74. ~ Places where sieve-tubes unite, 
showing the peiforr**'" of the septa after solu- 
tion of the 1 elhw.ilJ it id. A and F 

the petiole -bUa; C from 

of the dahlia, n A tl cell-wall ft ft' j» 
yet completely .1 bed; •' the protophv 
inucilntfc, o and u it on tl 

and under side of th (sieve-plate) ; / 

threads of protoplas itc these a 

lilt ions dud pass thr nigh the pore, of the f 
plates. 


1 Mold, Bot. Zeit. 1855, p. 873. [Ann. dcs Sci. Nat. 1856, vol V. pp. 141 >159.] — Nageli, Sitz- 

ungsber. der k. bayer. Akad. der Wissen. 1861. — Sachs, Flora, 1863, p. 68. -Ilanstcin, Die 

Milchsaftgefasse, Berlin 1864, p. 33 et seq, 

* [Hartig termed the sieve-tubes Siebrbhren, which has been rendered ‘cribriform vessels' by 

some English, and ‘tubes cribreux’ by French writers. Mohl preferred, for the reason stated in the 

text, to call them * Gitterzellen,’ which has been variously rendered ‘cellule clathralnc,’ ‘cellules 

treillis^cs’ or ‘ grill agees,* ‘latticed cells’ or ‘clathrate cells.*] 

9 Borscow, Jahrb. fiir wiss. Bot. vol. VII. p. 348. 
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with the parenchymatous cells which adjoin them by such lattice plates, which, 
although they do not bring the cells into communication, must nevertheless facilitate 
the interchange of certain constituents by diffusion. 

An illustration of the coalescence of cells is furnished by the vessels of the wood 
(mostly filled with air) especially those which have bordered pits, as well as the wood- 
cells with bordered pits ( Tracbiides), of which sufficient has already been said (Figs. 23- 
27, pp. 25-27). In the vessels of the sccondafy wood of Angiospcrnis formed from short 
cells with large cavities, the transverse or oblique septa commonly disappear altogether, 
so that the entire row of cells forms a completely continuous tube. But frequently, 



l'k,. 75. — I' 1*0111 1 \t-ry jminij fihro \ ascul.it bun He 
df a younjj petiole of Si t ofhitlariti aqua tu n , j».,rt 
of .< spiral \cssl‘I Mirrmitrlo'l by pim .iinlimm ; tno 
spirally tlncVcnnl lcIIs ar, in piosui«Ji} m.itnus Appo- 
sition ; l»y the elongation of tin petiole tin. toil, of 
the spiral bawl, umv ljiiu^ t lose to on- aiiothir. are 
drawn apart ; tin. spiral band become <b u«.h« <1 from 
th.‘ thin wall whu.li is t nmmnn To the \e-.sel and to 
the adjoining tells, and in this waj a spiral bam! is 
formed capable unwinding. 


as in Ilelianthns , Sonchus , Crrsiuw, &C. 1 , the 
septa are only partially absorbed, (hick ridges 
remaining, which have a reticulate or lat- 
ticed form, or, when the septa are very ob- 
lique, even scalar i form. When true wood-vessels 
form air-conducting tubes in this manner, the 
separate parts having previously been closed 
cells, the tubes are also in communication with 
one another laterally through the open bordered 
pits already described. In tracheides which are 
arranged in a prosenchymatous manner, as those 
of Conifers (Fig. 23, p. 25) and Ferns (Fig. 27, 
p. 27), this lateral communication is the only one, 
since in ihe cells pointed at both ends there are 
110 true septa which could be broken through. It 
is, on the other hand, doubtful whether the cells 
out of which annular and spiral vessels are formed 
(see Fig. 18, p. 23) are always in communica- 
tion with one another, especially when the spiral 
cells remain short, as in the ultimate branches 
of the vascular bundles in the veins of leaves, 
where they are often considerably enlarged. 
Preparations in which the structure can be very 
easily observed may be obtained by boiling very- 
young leaves for some time in potash solution 
and then placing them in glycerin. Where, 
however, the spiral vessels arc formed at an 
early period in these organs, attaining subse- 
quently a considerable length, so that the coils 
of the spiral thread which were at first very 
close become widely separated (Fig. 75), it may 
be assumed that the thin membrane which sepa- 
rates the contiguous ends of the spiral prosen- 
chymatous cells becomes ruptured, and thus the 


cells are placed in communication with one another for considerable lengths. For these 


and other reasons, it is convenient not to limit the definition of a vessel to cases 


in which the component cells actually coalesce into a tube. Here, as elsewhere in 
the different forms of tissue, w'c find transitional structures ; and the definition of terms 
must not be founded on a single characteristic selected arbitrarily, but on a general 
consideration of all the morphological and physiological characters. 

The forms of coalescence now described possess the common physiological function of 
providing a means for the transport of food-materials, and of promoting and accelerating 


See K. Ta igl in Sitzungsber. der kais. Akad. der Wiss Vienna, May 1871. 
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this transport to the more distant organs through the continuous tubes which they 
form. This is shown, among other evidence, by the course of these tubes, which is 
almost invariably in the direction of growth, and therefore enables them to place 
those organs in which food-material is produced in connection with those which 
require it. This is unquestionably the case with the sieve-tubes, which serve for 
the transport of the difficultly diffusible proteids, and secondarily also of the carbo- 
hydrates 1 . It is also true with respect to the laticifcrous vessels, in so far as they 
contain proteids, oils, and carbohydrates. This function of the laticifcrous vessels 
is not disproved by the fact 2 that they usually also contain secretions that are not 
serviceable. The purpose, finally, of the wood- vessels is to form channels filled with 
air within the close woody tissue, replacing the air- conducting intercellular spaces of the 
succulent parenchyma. 

A totally different physiological function must, on the other hand, be assigned to the 
last form of coalescence of cells to be described, the Compound Glands . That these have 
no use connected with the transport of food-material is shown by their round form, 
which renders them quite unserviceable for placing different parts of the plant in com- 
munication. The same conclusion is indicated by the fact that the substances which 
accumulate in glan.Is do not in any way contribute to growth, but must be regarded as 
excrementitious, or as secondary products of metabolism 3 4 * 6 . 

The popular usage of the term Gland is extremely indefinite, including not only 
single cells with peculiar contents, but also certain external organs like the nectaries 
of flowers and the colleters or glandular hairs of many leaf-buds. In this extended 
signification it is impossible to give an exact definition to the term. In order to 
get a good definition, we must exclude in the first place the bodies hitherto known 
as Unicellular Glands, which must be associated with lithocysts and gum-cells under the 
designation of 1 dioblasts, as the teim lias already been defined (p. 84). We may now 
define a Gland 4 as a group of cells sharply differentiated from those that surround 
them, whose intervening septa become absorbed, so that a single cavity is formed, 
which is often surrounded by special layers of tissue, and filled with excrementitious 
products, especially volatile oils. This definition excludes certain closely related forms 
of tissue, such as the nectaries and colleters ,v already mentioned, which, however, in 
order to indicate their affinity, may be designated Gland-like bodies, in contradistinction 
to true glands. 

Good examples of glands in this sense are furnished by the large receptacles for 
volatile oil which occur abundantly in the rind of various species of Citrus . They 
may be recognised, even fri the young ovary of the flower, as roundish groups of 
cells, distinguished by containing a turbid protoplasm and small drops of oil. The 
walls of these cells soon begin to swell, and the individual cells can be separated 
by pressure. The walls then deliquesce, and a large globular cavity is formed, 


1 See Sachs, Flora, 1863, p. 50. — Br’.osi, liot. Zcit. 1873, nos. 20-22. [Briosi detected the 
presence of extremely finely-divided starch in the sieve-tubes of a large number of plants. Experi- 
ments lead him to think lhat by compression the starch particles may be made to pass through the 
perforated pailition fiom one cell to another.] 

u Sachs, Experimental- Physiologic, p. 386. 

a [See also Mcyen, Uebcr die Secrctionsuigane der Pflanzen, Berlin 1837. — J. B. Mailinel, 
Organcs dc secretion des vegeiaux : Ann. dcs Sci Nat. 3th ser. vol. XIV, 1872. It has been 
suggested that the contents of glands and similar secreting organs*nrc not really excrementitious, but 
that they serve to protect the plant by preventing the consumption of the leaves &c. by insects 
and other animals ] 

4 [The term is here used in a somewhat more restricted sense than is usual in English botanical 
works, in consequence of the etymological meaning of the corresponding German tcim ‘Driise/ 

in which the idea of something compound is implied.] 

6 See Seel. 15, under the head of Epidermis, p. joi. 
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filled with watery protoplasm with large drops of a volatile oil floating in it. The 
layers of cells nhich surround the cavity form an envelope, which differentiates it 
sharply from the surrounding tissue. The origin of two different forms of gland 
in Dictamntu Fraxinella is illustrated in the accompanying figures, taken from Rauter 1 . 
Fig. 76 represents the development of a gland on the upper side of the leaf, the contents 
of which are the source of the powerful odour of the plant. These leaf-glands of 
Dictamnuj originate from only two cells, one of which belongs to the young epidermis, 
the other to the subjacent parenchymatous layer; the former divides again into two 
layers of cells, the outer of which (d) forms a continuation of the epidermis, while 
the inner one ( c ) contributes to the formation of the tissue of the gland, the principal 



Fir,. 76. — Gland frum the upptu side « *f the leaf ot Oiftam- 
uui b'roAtneUa (after Kauter). A and fl early stages of de- 
velopment, C mature gland; d the covering layer, forming 
a continuation of the epidermis . < and / mother-cells of the 
gland-tissue ; 0 a larjfe drop of volatile oil. 


A 



M«> 77 Gland and hair Inxu the inlWrvccm e of 
Dntntunia /- >tixnu!ln (aliti Ranter) ./ and /» caily 
‘■tajjes of development ; (' mature gland, with the hair h 
at its apex. 


part of which originates by divisions of the two mother-cells of the gland (p p ) ; the 
enveloping layer of the gland is here but slightly developed, as is shown in Fig. 76, C. 
On the flower-stalks, bracts, and sepals of the same plant are formed large sessile* or 
shortly-stalked glands of somewhat ovoid form, bearing at their apex a single hair 
(Fig. 77, *>)* These always arise, as Rauter has shown, from a single cell of the young 
epidermis, which divides first vertically, then tangentially (Fig. 77, H ) ; thus two layers 
are formed, the outer of which is a continuation of the epidermis, while the inner 
produces, by further divisions, the tissue of the gland (B). In the further course of 


1 Ranter, Zur Entwickelungsgescliiehte dinger Trichomgebildc. Wien 1S71. 
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development the whole substance of the gland now becomes, as it were, forced outwards 
above the surface of the organ ( C ) ; and when, finally, the secreting tissue is absorbed, 
a cavity is formed filled with mucilage and drops of volatile oil, and surrounded 
only by the continuation of the epidermis. Similar to glands in their origin are the 
gum-passages and gummy swellings of diseased stone-fruit. Gr£gorieff found the seat 
of the formation of the gum in them to be principally the soft bast of the fibro-vascular 
bundles which traverse the fruit-pulp ; the cell-walls become absorbed after they have 
swelled up, and cavities with undefined boundaries filled with gum are thus formed, 
which sometimes exude their contents externally through the flesh of the fruit when 
the production of gum is excessive. 

While the origin of the structures now described is the coalescence of cells previously 
separated by partition-walls, the canal-like Receptacles for Secretions are formed, in many 
plants, by cells, previously in contact by their partition-walls, separating from one 
another and leaving an intercellular space (in the manner represented in Fig. 66, p. 78), 
into which the j-eci etion flows from the surrounding cells. According to the nature of 
the secretion, we thus get Res in-pass ages , as in most Conifer® and Terebinthaceae, 
Gum-passages in Cycadea*, passages with a mixture of gum and resin in Umbelliferae 
and Araliaceae; Latex-passages in Rhus and in Alisma Plantago beneath the epidermis 
of the petiole in front of the fibro-vascular bundles ; and passages with different vola- 
tile oils, often coloured, as in the Composite. Similar Secretion-canals 1 occur also in 
Clusiaceac (the contents of the canals of Garcinia Morelia yielding gamboge) and in 
Pittosporea* ; among Monocotyledons, in addition to Alisma Plantago , we find them 
^‘n Aroidcx. Among Ferns, they are stated to have been detected in Marattia and 
Angiopteris , and by Hegel maier in some species of Lycopodium , as L. inundatum , alo- 
pecuroides , and annotinum . Plants which possess secretion-canals have, as a rule, no 
laticiferous vessels ; but they both occur in some Cichoriaceae as Scolymus , Cynarace® 
as Girsiuni and Lappa , and in some Aroideae as Philodendron . They arc in that case 
distributed through different tissue-systems. Thus in Philodendron the laticiferous 
vessels arc found in the phloem of the fibro-vascular bundles, the secretion-canals in 
the fundamental tissue ; while in Scolymus and Cirsium the laticiferous vessels run 
through the phloem, the secrction-eanals through the fundamental tissue of the 
cortex 1 2 . Where there are only secretion-canals, they may belong exclusively to the 
fundamental tissue of the primary cortex (Tagetes pat u la, according to Van Tieghcm), 
or exclusively to the phloem (the stem of Pittcsporum Tahir a, according to Van 
Tieghcm), or to both systems (Umbelliferae); in Conifer® they occur in the pith 
and primary cortex, and also in the phloi m and xylem. Where they are found in 
the secondary phloem formed out of the cambium, the secretion-canals may be 
produced repeatedly with other elements of the soft bast in concentric layers, as in 
Cussonia , Umbelliferae, &c. 

The simplest forms of secrction-canals are produced by three, or more commonly 
four, longitudinal rows of secreting cells separating from one another far enough to 
form a narrow intercellular passage which they fill with their secretion, as, for example, 
in the roots of Composite, where definite groups of canals of this nature are formed 
in the double vascular bundle-sheath. If the tissue which surrounds the secretion- 
canal attains a vigorous development in breadth and thickness, the intercellular pas- 
sages, which were at first narrow, become considerably broader (Fig. 66, p. 78), while 
the secreting cells which surround them also enlarge, divide in radial and tangential 
directions (in reference to the centre of the canal), aijd thus form round the canal 


1 See especially Van Tieghcm, Les canaux secr&eurs des plantes, Ann. dcs Sci. Nat., ,5th ser. 
vol. XVI, 1872. — Muller in Jahrb. fur wiss. Bot, vol. V. p. 387.— -Thomas, ibid. vol. IV. pp. 
48-60. 

2 Van Tieghcm, in the French translation of the 3rd ed. of this work, p. 158. 
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a mass of tissue of characteristic form one or more layers in thickness, the cells 
of which are distinguished by containing a turbid fluid with drops of oil and resin 
floating in it, and by their walls being not lignified and usually thin. If the tissue 
which surrounds the secretion-canal does not increase in size, the formation of the 
canal or intercellular passage is sometimes altogether suppressed; the secreting cells 
retain their secretion, and form gland-like groups of cells instead (Fig. 78, A , D), 
Secretion-canals resemble laticiferous vessels in this respect, that they follow, as 
a rule, the direction of growth of the organ, even when they do not lie in the fibro- 
vascular bundles, and also that they penetrate into all parts of the plant, although 
particular organs, especially the fruit and flower, are destitute of them. When 
any part of the plant, especially the stem, which is rich in them, is wounded, and the 



Fir,. 78 —Transverse section of resin-pa-, sajic". (v) at the base of a f rst y» .ir s I t.imh of /'mu< \vhv\tri\ (x ). //, fi, C 
passages lying ill the pcriplu ry of the p»h (w> spiral * t,«4*els of a libru- vascular Inmdli ) ; at ./ tin* lnnn.it ion of .i pa 1ms not 
taken place, but the- cells ilestmeil for its formation me there, their walls li'viiin be* mim soitir; D wood-cells (//) * inlosmvf 
a jjrotip of ri sm-cells, not forming a passage /*/ a medullary ray); /- part of the wood t oiitatmti^ a resin-passage (y.d; next it 
wood-cells containing starch (-/»//), forming a /mic passing from one passage to another 


canal therefore broken, the contents, forced by the pressure which masses of tissue 
exercise on one another, escape, in the same manner as latex, collect round the 
wound, and finally become hard. In this manner are obta’ned the various kinds of 
resin, as that of Con it era*, mastic, sandarach, &c., in the same way as dried latex such 
as euphorbium, lactucarium, opium, &c. 


Sect. 15. The Epidermal Tissue. — A differentiation into epidermal tissue 
and inner fundamental tissue can evidently only arise in those plants and parts 
of plants which consist of masses of tissue. In general the contrast of the two 
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is the plainer the more the part of the plant is exposed to air and light, under- 
ground and submerged parts showing it in a smaller degree ; in those destined 
to a longer term of life the formation of epidermis is usually also more perfect. 
The difference between epidermis and fundamental tissue can only be estab- 
lished by the outer layers of cells, whose morphological character is otherwise 
similar, becoming distinguished by the thickness and firmness of their cell-walls, 
and by having smaller cell-cavities than those which lie deeper. In this case 
there is usually no sharp boundary-line between the two tissues ; the charac- 
teristics gradually increase the more nearly the cell- layers approach the surface. 
This is usually the case, among Algae, with the Fucaceae and larger Florideae, 
with many Lichens and the fructifications of Fungi ; even in the stem of Mosses 
the formation of epidermis is often indicated only in this manner. Ihc con- 
trast between epidermal and inner tissue becomes most marked when, besides 
a sharp boundary between the two, a different morphological development dis- 
tinguishes the two kinds of tissue. In the sporogonia of Mosses and in all 
Vascular Plants at least one cuter layer of cells may be distinguished in this sense 
as epidermal tissue, and is termed the Epidermis. In true roots and many root-like 
underground stems, as also in many submerged plants, the epidermis is only 
slightly different from the subjacent tissue ; but in most parts of stems and leaves it 
shows an altogether peculiar development of its cells, giving rise to stomata and 
trichomes of the most various kinds. In many leaves and parts of stems, the 
epidermis, after it has already become a recognisable tissue (during or after the 
bud condition) undergoes cell* division tolerably late, by which it becomes divided 
into two or more layers. From this epidermis formed of several layers of cells 
(Pfitzer, /. c. p. 53) those layers of tissue may be conveniently distinguished as 
Hypoderrna which lie beneath the simple, rarely beneath the multilamellar epidermis, 
and perform the physiological function of strengthening the epidermal tissue, without 
however belonging to it genetically, while they are strikingly distinct from the deeper 
lying fundamental tissue, although genetically a part of it. This hypoderrna consists 
chiefly of layers of thick-walled sclerenchymatous cells, sometimes even of bast- like 
fibres. In Phanerogams, especially Dicotyledons, the hypoderrna is mostly developed 
as Collcnchyma , the cell-walls being strongly thickened, and in a high degree capable 
of swelling at the longitudinal angles where three or four of them meet (Fig. 21, 
B, p. 24). 

In those parts of plants which live long and which increase greatly in thickness, 
the epidermal system attains a fuithcr development in the production of Cork. This 
originates in the epidermis itself or in the subjacent layers of tissue by subsequent 
cell-division, occurring often very late, and by the suberisation of the newly-formed 
cells. 'Hie formation of cork often continues for a very long period, or is renewed 
after interruption ; and when this occurs uniformly over the whole circumference, 
there arises a stratified cork-envelope, the Periderm , replacing the epidermis, which 
generally perishes, -and surpassing it as a means of protection. But not unfre- 
quently the formation of cork penetrates much deeper; lamellae of cork arise deep 
within the stem as it increases in thickness; parts of the fundamental tissue and 
of the fibro- vascular bundles, or of the tissue which afterwards proceeds from 
them, become, as it were, cut out by lamellae of cork. Since everything which 
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lies outside such a structure dies and dries up, a peripheral layer of dried tissue 
collects, which is very various in its form and origin. This structure, abundant in 
Coniferae and in many dicotyledonous trees, is the Barky the most complicated 
epidermal structure in the vegetable kingdom. 

(a) The Epidermal Formation of Thallophytes is chiefly confined to the cells of the 
fundamental tissue becoming smaller and firmer the nearer they lie to the surface; 
the cell-walls very generally become darker, as in the outer layers of the cortical 
tissue of many Lichens, and the outer layers of the peridia in Gasteromycetes and 
Pyrenomycetes ; in the pileus of many Hymenomycetes the epidermal layer may 
be detached in large pieces (Fig. 79). From the small difference between cortex 
and fundamental tissue in these Thallophytes, it may appear doubtful whether the 



Vie,. 79.— Fructification of JtoIetu\ flavtdus in portion slightly inngnitWd , \t stijnjfc ; hu pilruc, hy Itymenhmi ; v \ dum ; 

h ca\it> beneath the lij meiimm jypiulon^ation of tin* liyineuui layer on the stipi-s, /r/the s»:paral»k jUlww i-pidrriiul layei of tint 
pileus. 


outer layer should be termed cortex or epidermis; when the cortical tissue is 
moderately thick, this layer can usually be distinguished from it. With Thallophytes, as 
with higher plants, the outermost layer of cells displays a tendency to the formation 
of hairs. 

7 he Muscincse (Hepaticac, Sphagnaceae, Musci) exhibit a great variety with reference 
to the epidermal formation. While in many other Hepaticar we have scarcely any 
indications of one, in the family of Marchantiejc (Fig. 65, p. 78) an epidermis perfectly 
developed and provided with stomata suddenly makes its appearance. In Mosses the 
epidermal formation on the leafy stem is limited to this, — that the cells towards 
the surface become narrower, their walls becoming thicker and assuming a deeper 
red colour; the outermost layer often produces numerous long rhizoids (Fig. 80). 
In Bog-mosses (Sphagnaceae), on the other hand, a single outermost layer of cells 
of the stem, or from two to four such, assume an entirely different character. These 
cells (Fig. 8i,*) have thin colourless walls; their cavities are much larger than those 
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of the inner tissue; the walls sometimes show slender thickening-bands running in 
a spiral manner, and open externally by large orifices, being also in communication 
with one another by similar ones (/). In the mature state they contain nothing 
but air or water, which rises in them by capillarity. Within this epidermal tissue the 
stem is similar to that of Mosses ; the cells become towards the surface gradually 
narrower, thicker-walled, and of a darker colour. A similar epidermal layer, and with 
similar hygroscopic properties, occurs in the aerial roots of Orchids and of some 
Aroidea;. 

Like the other forms of tissue, the epidermis also attains a greater perfection in the 
sporogonia of Mosses; the variously differentiated internal tissue of the sporangium 



Fir. 8a. —Part of u rsuli.il longitudinal section through the sporangium of I'unutm hygronutrua (V y»<) ; e epidermis; the thick 
black line on the outside is the cuticle. (For further explanation of the Fig. sec llook II.) 


is surrounded by a highly developed true epidermis, sometimes provided with stomata 
(Fig. 82). 

(b) The Epidermis 1 . In Vascular Plants the epidermal tissue consists usually only 
of a single superiicinl layer of cells, the true Epidermis . In its origin it always consists of 
a single layer; but this sometimes splits into two or more by divisions parallel to the 


1 II. von Mohl, Vermhchte Schriften hot. Inhalts. Tubingen 1845, p. 260— F. Cohn, Pe 
Cdtieula, Vratislaviie 1850.— Leitgeb, Pinkschriften der Wiener Akad. 1865, vol. XXIV. j>. 253. — 
Nicolai, Schriften der phys.-dkonom. Gesells. Konigsberg, 1865, p. 73. — Thomas, Jahrb. ftir wiss. 
Pot. vol. IV. p. 33. — Kraus, ibid., vol. IV. p. 305, and vol. V. p. 83. — Pfitzer, ibid., vol. VII. p. 561, 
and vol, VIII. p. 17.— Pe Bary, Bot. Zeilg. 1871, nos. 9-11 and 34—37. 
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surface, during or after the bud-condition of the organ in question. In such cases 
the outermost may be distinguished as the Epidermis proper from those which lie 
beneath, or the Strengthening-layers ; these latter generally consist of large thin-walled 
cells with contents as clear as water, for which reason Pfitzer teims them Aqueous 
Tissue. Epidermis of this kind consisting of several layers occurs in the leaves of 
most species of Ficus> in the stems and leaves of many Piperaceic, and in the leaves 
of Begonia. In the roots also of some species of Crinum the epidermis, at first simple, 
splits into several layers; but this is much more striking in the aerial roots of Orchids 
and Aroidea*, where these cell-layers afterwards lose their succulent contents and sur- 
round the substance of the root as an air-containing envelope to the root ( Velamen ). 

The Hypoderma is genetically distinct from the strengthening-layers which result 
by division from the originally simple epidermal layer, since it arises from the layers of 
the fundamental tissue which are covered by the true and simple epidermis. The cells 
ol the hypoderma may also become developed as aqueous tissue like that mentioned 
above, and often to an enormous thickness; this occurs in many Bromeliacea* and 
some species of Tradescantia. The hypoderma more often exists in the form of 
ayers of very thick- walled often sclerenchymatous cells, whose origin has been proved 
to be from the fundamental tissue, not from the epidermis, at least in the case of 
Ephedra and Elegia, and is very probably so in other cases. While this sclcren- 
chymatous hypoderma is especially frequent in Vascular Cryptogams (e.g. Equisetaceae 
and terns) and in the leaves of Gymnosperms, a third form, the Collnichyma , occurs 
very abundantly in the petioles and succulent stems of Angiosperms, especially of 
Dicotyledons; its usually narrow but long cells are strikingly distinguished by the 
thickening-masses often forming longitudinal ridges at the angles projecting internally, 
and swelling greatly with water or more powerful reagents (Fig. 21, B, p. 24). That 
the collenchyma originates from the fundamental tissue, and thus not from the epi- 
dermis,, has been actually observed only in Euonymus latifohus , Ptperom'm , N triton, and 
L rxj but is probable also in other cases. 

When the term Epidermis is hereafter used without further remark, the ordinary 
simple layer, or the outermost when the epidermal tissue consists, of several layers, 
is always to be understood. 


The cells of the epidermis, as also those of the strengthening-layers and of the 
hypoderma, are in close contact on all sides; the only intercellular spaces are those 
between the guard-cells of the stomata, through which the large cavities in the funda- 
nientri tissue communicate with the external air. This close approximation of its 
cells is sometimes the only distinguishing mark of the epidermis, as in the submerged 
Hydrillea-, Ceratapbyllum, &t\; in other cases the formation of hairs helps to distinguish 
it, as in most roots, where the cells of the epidermis are otherwise similar to those 
of the fundamental tissue in contents and in the nature of their wall. But usually 
in the stem and foliar organs the epideunis is destitute of chlorophyll, starch, and 
granular contents generally, while in Kerns and in the water-plants mentioned above, 
as well as ,n other cases, the epidermal ceils contain chlorophyll-granules. Not unfre- 
qucntly the otherwise colourless cell-sap is in them tinged by a red substance. 

In organs which grow chiefly in length, as roots, long internodes, and the leaves 
of Wonocoty edons, the epidermal cells are usually elongated longitudinally; in leaves 
with a broad surlace they are mostly broadly tabular; in both cases the side-walls 
are often undulated, so that the adjoining cells interlock with one another. 

I he outermost lamella of the epidermal cells is always cutieulariscd, and usually to 
such an extent that cellulose cannot be detected in it, or only with difficulty. This 
true Cuticle extends uninterruptedly over the surface, and is strongly contrasted 

Ti h 16 Tiv 1CCnt r y f 7 " f thC Cell ‘ WalK With P re Paratio„s of iodine, with or 
without addition of sulphuric acid, the cuticle is coloured yellow or yellow-brown; 

it ,s insoluble in concentrated sulphuric acid, but soluble in boiling caustic potash. 
In submerged organs and roots it is very thin, difficult to be seen immediately, but 
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rendered visible by iodine and sulphuric acid. The true cuticle is much thicker in 
aerial stems and leaves; it may be obtained in them even in large lamellae by decay 
or solution of the subjacent cells in concentrated sulphuric acid. In many cases, and 
especially in stout leaves and internodes, the outer cell-wall layers of the epidermal cells 
which lie beneath the cuticle are strongly, often enormously, thickened ; while the inner 
walls remain thin, the lateral walls are usually strongly thickened towards the surface, 
becoming suddenly thinner towards the inside. The thick portions of the wall are 
usually differentiated into at least two shells; an innermost thin shell, immediately 
surrounding the cell-cavity, shows the reactions of pure cellulose, while the layers 
of the cell-wall lying between it and the cuticle are more or less cuticularised, and 
the more so the nearer they lie to the cuticle. Not unfrequently these cuticularised 
layers extend downwards into the thick part of the lateral walls, in which case the 
middle lamella sometimes behaves like the true cuticle, with which it is in contact 
on the outside. Like the cuticle of isolated bells (pollen-grains, spores), that of the 
epidermis has also a tendency to form projections, ridges, &c., but they almost always 
remain very insignificant, and are best seen on a superficial view ; as, for example, in 
many delicate petals (sec Sect. 4 (e), p. 33). 

According to the recent researches of De Bary, particles of H r ax , which cannot be 
seen on section, but which exude in the form of drops when warmed to about ioo° C., 
are deposited in the substance of the cuticular layers of the epidermis. This deposit of 
wax (often associated with resin) is one of the contrivances which protect the aerial parts 
of plants from becoming moistened with water. But very frequently the wax extends in 
an unexplained manner over the cuticle, and becomes deposited there in different forms, 
constituting the so-called ‘ bloom ’ on fruits and some leaves, or as a continuous shining 
coating, which is again formed on young organs after being wiped off, and in ripe fruits 
of Benincasa eerifera (the wax-cucumber) appears again long after maturity. De Bary 
distinguishes four principal forms of this wax-coating. The bloom or gloss which is 
easily wiped off consists of small particles of two forms :—(i) Quantities of delicate 
minute rods or needles, as in the white-dusted Eucalypti, Acacia', many Grasses, &c. ; 
or of granules collected into several layers, as in Kieinia ficoides and Ricinus communis ; 
these are aggregated wax-coatings. (2) Simple granular coatings consisting of grains 
isolated or touching one another in one layer; this is the most common form, e.g. in 
Iris pallida, the onion and cabbage, &c. (3) Coatings of minute rods consisting 

of long, slender, rod-shaped particles, bent above or even curl-shaped, and standing 
vertically upon the cuticle, e.g. Heliconia farinosa and othpr Musacea:, Cannaceac, 
Saccharum , Benincasa cerifera , leaves of Cotyledon orbicularis. (4) Membrane-like layers 
of wax or incrustations; (a) as a gritty glazing in various species of Sempervrvum , 
Euphorbia Caput -Medusa, Thuja occidentals ; (b) as thin scales, in Cereus alatus , Opuntia , 
Portulaca oleracea , the yew ; (c) as thick continuous incrustations of wax, which 

sometimes permit a finer internal structure to be recognised, similar to the striation 
and stratification of the cell-wall: Euphorbia canaritnsis , fruits of species of Myrica , 
steins of Panicum turgidum . On the stem of the Peruvian wax-palms, especially of 
Ceroxylon andicola , these incrustations attain a thickness of 5 mm. ; those on the stem 
of Chamctdorea Schiedeatia arc thinner, but of similar stiucture. According to Wiesner 
(Bot. Zeitg. 1871, p. 771), these flakes of wax consist of doubly refractive four-sided 
pi isms standing perpendicularly close to one another. 

Hairs 1 are products of the epidermis; they originate from the growth of single 
epidermal cells, and are present in most plants in large numbers; when they are 
wanting in any part of a plant, it is termed glabrous . Their form is subject to 


1 A. Weiss, Die Fflanzenhaare, in vols. IV and V of the Bot. Untersuchungen aus dern phys. 
Lnborat. by Knrsten, 1867. — J. Hanstcin, Bot. Zeitg. 1868, p. 697 ct seq — Ranter, Zur Entwickel- 
ungsgeschichtc einiger Trichomgebilde. Wien 1871. [See also J. B. Martinet: Organes de secretion 
des vt^getaux, Ann. des Sci. Nat., 5th serits, vol. XIV, 1871.] 
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extraordinary variation. The first indication of the formation of hairs occurs in the 
papillose protuberances of the epidermis of many petals, to which their velvety ap- 
pearance is due. Among the simplest forms are also the Root-hairs which grow lrom 
the epidermis of true roots or underground stems, as Pteris aquilina , Equisetaceae, &c. ; 
they are thin-walled protuberances of the epidermal cells which lengthen by growth 
at the apex, or only branch exceptionally, as occurs sometimes in the turnip. In 
Vascular Cryptogams their wall readily acquires a brown-red colour; their length 
of life is usually short, and when they die all trace of them disappears. The structure 
is similar of the woolly hairs which appear on the leaves and internodes of vascular 
plants while still in the bud, especially Dicotyledons. On the unfolding of these organs 
they commonly fall oil' and disappear, as in the horse-chestnut, Rhododendron , and 
Aralia papyrifera , where they form a felt easily wiped oft* from the newly unfolded 
leaves; in other cases they remain as a woolly coating, especially on the under-sides of 
leaves. In Prickles the wall is mostly thicker, silicificd, and hard; they arc shorter 
than the woolly hairs, pointed at the apex, and are usually separated by a septum 
from the mother-cell. When the free outer wall of unicellular hairs exhibits 
greater apical and surface-growth at two or more spot«, branched forms result 
with a continuous cavity. The papillose bulging of an epidermal cel] may become 
separated by a septum; the hair then consists of a basal cell and a free hair- 
cell, as in Anemia fraxinifolia ; but the separated papilla may also become seg- 
mented by the formation ot more or less numerous septa when the hair grows 
considerably in length, and thus arise segmented hairs, as e.g. on the filaments of 
Tradescantia. Sometimes the segments form lateral shoots, and thus arise trec-like 
branched structures with whorled or alternate branches, e.g. in Verhascnm Thapsus 
and Nicandra physaloides . If longitudinal divisions occur in the segment-cells of the 
hair, or if the hair continues to grow by an apical cell which forms segments on 
two sides, flatly expanded hairs are the result. To this form belong, for example, the 
so-called Palece of Ferns which sometimes entirely cover the younger leaves. Finally, 
the divisions in the young hair may be so arranged that it forms at length a tissue, 
which on its part may again assume different forms, e.g. the pappus-like hairs of 
Hieracium aurantiacum and Azalea indica, the capitate hairs of Korrea and Riles 
sanguineum . 

The papilla which projects above the epidermis and is separated by a septum often 
becomes divided by vertical and radial walls, and expands in a disc-like manner, so 
that the head consists of a radially arranged disc of numerous cells; thus arise Peltate 
Hairs, such as those of Elcpagnus, Hippuris , and Pinguicula. Tufts of hairs arise when 
the mother-cell of the hair which belongs to the epidermis divides into several cells 
lying close to one another ; each of these then grows independently into a hair, as is 
shown in Fig. 83, which is supplemented by Fig. 4 2, p. 43. 

Not unfrequcntly a luxuriant growth of the parenchyma takes place beneath the 
hair, and subsequently also in the epidermis; the hair itself is then borne on a conical 
prominence or protuberance of the leaf or stem, into which its lower part is often 

deeply implanted ; as, for instance, in the stinging hairs of the stinging-nettle. 

Thus also the prickles (climbing hairs) on the six projecting angles of the stem of the 
hop are inserted at their base into a protuberant mass of tissue, while the upper 
part grows into two opposite sharp points. Such double-pointed unicellular hairs 
occur also on the under-side of the leaf of Malpighia urens ; they are from five to 
six mm. long, fusiform, very thick-walled, and are attached to the epidermis (without 

any protuberance) by their central part. In this case they easily become detached, 

and remain sticking in the skin of the hand which touches the leaf. (For further details 
on the Morphology of Hairs, see Sect. 21.) 

It is very common for hairs to be secreting organs. Such are the Stinging Hairs 
already mentioned of Urticaceae, many Loasacea;, &c., as well as the shorL hairs of 
some Urticaceac which contain cystoliths. But the most remarkable examples are 
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Glandular Hairs . These consist of a stalk and a terminal head which is either com- 
posed of a single cell filled with resin or a volatile oil, or constitutes a true Gland, 
made up of a number of cells which have coalesced, so that nothing remains but the 
external cuticularised cell-wall in the form of a hollow vesicle containing the secretion. 
The oily, viscid, odoriferous secretion not unfrcquently penetrates through the cell-wall, 
and raises the cuticle in the form of a bladder, collecting beneath it as a clear fluid/ 
while the cells which produce it partially or entirely disappear, as in Salvia, Cannabis , 
and Humulus , in the latter case on the perianth of the female flowers. We are indebted 
to a careful work by Hanstcin 1 for an accurate knowledge of the glandular hairs 
on the leaf-buds of many trees, shrubs, and herbs. The parts of the bud are coated 
by a gummy substance, or one composed of gum-mucilage and drops of balsam, which 
he calls Blastocolla , while the glandular hairs which produce them he terms Colleters . 



I'll.. Hi. — Development of Ur hairs on the calyx of a flower-bud of the hollyhock (V px>) ; A ivh woolly h.urs on the 
inner surface; (> and « gjandulai hairs in dilicrcnl .sl.itfes of development ; at a in ft rudiment of a glandular hair; 

»/ always signifies the (Mill young) epidermis. The figures a in A , in ( , and y in ft show the firsl stages of develop- 
ment of the stellate hairs (or rather tufts of hairs), the subsequent t ondition of which may be compared in big. 42 (p 4,) ; 
at A a is the hair in longitudinal section; P and y show the appear.uu e seen from above ; the cells arc rich in proto- 
plasm; the formation of vacuoles (v) in the protoplasm is beginning in y. 

These shortly-stalked multicellular hairs springing from an epidermal cell may expand 
towards the apex in a strap-shaped manner (Rumex), or may bear cells arranged in 
a fan-like manner on a kind of mid-rib ( Cunonia , Coffea ), or may form spherical or club- 
shaped knobs ( Ribes sanguitmim , Syringa vulgaris) ; in Platanus acerifolia branched rows 
of cells occur, the roundish terminal cells of which are glandular. The colleters attain 
their full development at a very early period in the bud, when the foliar structures 
and portion of the stem out of which they spring are still very young and consist 
of tissue which is scarcely differentiated. They are borne especially on the cn- 


1 Ueber die Organe tier Harz- und Schleimabsondcrung in den Lauhknospen, Bnt. Zi:itg. 1S68, no. 
43 el seq. The very instructive illustrations to this paper should be consulted.— See also Martinet, /. c. 
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veloping scales of leaf-buds {Aesculus)^ on. stipules which precede the leaves in de- 
velopment (( Cimoma , Viola, Primus), on ochreac (Polygonaceae), or on young leaves 
themselves {Kibes, Syringd)* The secretion of the collcters is a watery mucilage in 
the Polygonacete ; in the rest it is mixed with drops of balsam or resin. The gum- 
mucilage always arises from the conversion of a layer of cellulose l)ing beneath the 
cuticle of the colleter, the substance of which swells on addition of water, and raises 
the cuticle in places into small bladders ( Rumex ), or detaches it continuously from 
the hair as a larger bladder; finally the cuticle bursts, and the mucilage escapes and 
flows over the bud; the uninjured inner layer of cell-wall can, on its part, form 
a cuticle, beneath which a layer of cellulose again separates, and the process is repeated. 
Where balsam is also excreted, it may be recognised even in the cells of the hair; 
but it appears outside the cell-wall in dro s as a deposit in the mucilage, or forms 
the basis of the secretion. Frequently also the young epidermis itself between the 
collcters participates in these processes (Polygonaceae, Cunonia ); and the blastocolla is 
even produced exclusively from the epidermis; thus arises, for instance, the greenish 
balsam on the bud-scales and foliage-leaves of poplars'. 



The Stomata* are never found on the epidermis of true roots; on the other 
hand they arc usually present on underground stems and leaves; according to Borodin 
they are occasionally found even on submerged parts; but they are formed in the 
largest numbers on the aerial internodes and foliage-leaves, though not altogether 
absent from the petals and carpels; they even occur in the interior of the cavity of 


1 [Some reference should here be made to the remarkable discovery by l\ Darwin (Quart. 
Joum. Micr. Sci. 1877, p. 245 of the protrusion of protoplasmic filaments from the glands within 
the cup formed by the connate bases of the leaves of Dipsacm sylvtstris , which lie believes to have a 
function connected with the absorption of nitrogenous matter for the nutrition of the plant ] 

2 II. von Mohl, Verm. Schriften hot. Inhalts. Tubingen 1845, pp. 245, 252.— Ditto, Hot. Zeitg. 
1856, p. 701. — A. Weiss, Jahrb. fur wiss. IJot. vol. IV, 1865, p. 125.— Czech, Bot. Zeitg. 1865, 
p. 101. — Strasburger, Jahrb. fiir wiss. Bot. vol. V. 1866. p. 297.— K. Pfitzer, ibid., vol. VII, 1870, 
p. 5 \i. — Kauter, Mittheil. der naturwiss. Vereins fiir Stciermark, vol. II. Heft 2, 1870. — 
Borodin, Bot. Zeitg. 1870, p. 841. — Hildebrand, ibid., p. 1. — Ditto, Einige Beobachtungen aus 
dem Gebiete der Pflanzcnanatomie. Bonn 1861. — Prantl, Ergebnissc der neuem Unlcrsuchungen 
iiber Spaltbflhungen, Flora 1872. 
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the ovary (< t.g . in Ricinus ). They are most numerous where an active interchange 
of gases takes place between the plant and the external air ; for, considered physiologi- 
cally, they are nothing but the mouths of the intercellular spaces of the inner tissue 
which open externally between the epidermal cells; this is however always preceded 
by a peculiar development in a young cell of the epidermis. Since the stomata do not 
arise till a late stage in the development of the internodes and leaves, or even after their 
expansion, their arrangement is partially dependent on the already elongated form of the 
epidermal cells ; if these are greatly elongated in one direction and arranged in rows 
(as in Equhetum and the stem and leaves of many Monocotyledons and Pinus), the 
stomata are also arranged in longitudinal rows, the cleft lying in the direction of 
the axis of growth, the guard-cells right and left; if the epidermal cells are irregular 
on a superficial view, curved, &c., the position of the stomata is more undefined and 
apparently irregular. The number of the stomata is generally extraordinarily great 
in the epidermis of organs containing chlorophyll. In 54 species A. Weiss counted on 
one square mm. from 1 to 100 stomata, in 38 species 100-200, in 39 species 200— 300, in 9 
species 400-500, and in 3 species 600-700 stomata. The origin of stomata is always 
the formation of a mother-cell, first of all by division of a young epidermal cell, which 
is sometimes preceded by several preparatory divisions in it ; this mother-cell becomes 



unit ure ; « « epidermal cells; the numbers indicate the successive order of the preparatory divisions. 


then more and more rounded off, and the Guard-cells of the stoma are produced from 
it by division. The variety of these processes up to the point when the cleft itself 
appears can hardly be explained in a few words; I prefer therefore to describe some 
examples more minutely. One of the simplest is afforded by the development of the 
stomata on the leaf of Hyacinthus orientalis } which has already been represented in 
vertical section in Figs. 61-64 (p. 77). The preparation for the formation of the stoma 
is here very simple. A nearly cubical piece of a long epidermal cell is separated by 
a septum, and this is the mother-cell of the stoma. It. is divided by a longitudinal 
wall (i. e. by one parallel to the axis of growth of the leaf and at right angles to its 
surface) into two equal cells, which round themselves off as they grow. How the 
splitting of the partition-wall takes place has already been depicted in Figs. 61-64, and 
can now easily be understood by the help of the surface-view in Figs. 84-86. In 
Equisetum limosum a similar appearance to that represented in Fig. 61 shows itself 
immediately after the first formation of the mother-cells of the stomata; but the 
mother-cell undergoes in these cases three divisions, first one obliquely to the right, 
then one obliquely to the left, finally the middle cell is bisected by a wall at right 
angles to the surface. Four cells thus arise in one plane, of which the two outer ones 
grow more rapidly, while the inner ones are forced downwards and beneath them; 
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the stoma then appears, when perfect, as if it had been formed according to the 
Hyacinthus type, in which each guard-cell has been again divided into an upper and 
a lower cell. But, according to Strasburger, this is not the case; the two pairs of 
guard-cells lie originally in one plane, and, strictly speaking, it is only the middle cell, 
— which is divided by a vertical wall, and the splitting of which forms the cleft, — 
that is to be considered as the mother-cell of the stoma; the two oblique divisions 
by which the two lateral cells are formed that afterwards lie uppermost must be 
regarded merely as a preparation for the formation of the mother-cell. Preparatory 
divisions of this kind occur in many Dicotyledons; one of the young epidermal cells 
becomes the primary mother-cell of the stoma, and is divided successively in dif- 
ferent directions by walls at right angles to the surface; finally (Fig. 85) we have 
a cell surrounded by several cells formed in this manner, which afterwards forms the 
two guard-cells (as in Grassulaccx, Begoniacex, Crucifer#, Violacetr, Asporifoliex, 
Solanacex, Papilionaccx). In other plants, on the contrary, especially Monocotyledons, 
after the formation of the mother-cell of the stoma which results from the division 



j j- in .-/ awl H tli** lituilicr-cell'i of the stoma m C; ss in C tlu* guard-ttlk; Jt and J> show the iortnalum ol the 
neiyhboming cells. 


of a young epidermal cell, divisions also take place in the adjoining epidermal cells, so 
that the stoma is surrounded by a pair or by two decussate pairs or by some other 
arrangement of neighbouring cells (Fig. 86); as in Aloe socotrina , Gramme#, Juncacex, 
Cyperacex, Alismace#, Marantacc#, Proteaceac, Conifer#, Pathos crassineri'ia y Ficus 
elastic a, Trade sc antia zebrina. The origin of the mother-cell of the stoma in Planta- 
gineae, CEnothercx, Silcnex, Centradcnia y and many Ferns deserves special study in 
reference to the mode of cell-division. In these cases the mother-cell 1 is cut out on 
one side from the young but already tolerably large epidermal cell by a wall bent in 
a U-shape, the convexity of which faces the cavity of the epidermal cell, w hile the ends 


1 Strasburger calls them ‘special mother-cells.’ 1 think it, however, better entirely to abandon 
this expression, the more so as its first introduction in the formation of pollen depended on an 
obsolete view of the formation of the cell-wall (compare our description, pp. 33, 34). 
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are applied to one of. its side-walls (Fig. 84). Not unfrcquently, especially with Ferns, 
e. g. Asplenium bulbiferum , Pteris cretica y Gibotium Schiedei , &c., preparatory cells are 
cut out in this manner from the epidermal cell before the formation of the mother- 
cell, out of which the guard-cells are then formed by simple longitudinal division. 

In consequence of the U-shape of the division -wall which separates the mother- 
cell of the stoma from the epidermal cell, the former is half, or more than half, en- 
closed by the latter when looked at from above. In some Ferns and Sileneac the wall of 
the mother-cell of the stoma is from the first so strongly curved that it touches the epi- 
dermal cell only in a narrow band ; in Anemia villosa it touches it only at one spot, the 
partition- wall seen from above appearing like a circle. In Anemia densa and fraxinifolia 
the side-wall of the epidermal cell does not anywhere touch the wall of the mother-cell 
of the stoma 1 . When first formed this cell has the form of a hollow cylinder, or, 
more exactly, of a truncated cone, the base and truncated end of which are portions 
of the upper and lower wall of the epidermal cell ; out of the latter a cell is thus 
cut out like a piece out of a cork by a corkborer ; this piece is the mother-cell of the 



I'M. — Supcrlui.il view of a stnm.t »»f .1 item in fn *1T * lilornpliyll, 

folia with the cpalcrin.il tell completely surrounding it ; 
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stoma; and thus arises the remarkable arrangement represented in Fig. 87, where, as 
may be seen, the two guard-cells are entirely enclosed within a single epidermal 
cell. Similar, but more complicated, is, according to Rautcr, the structure in Nipbo - 
bolus Lingua. 

By further growth of the guard-cells and of the epidermal cells which surround 
them, different relative positions of the former to the surface may be brought about ; 
the guard-cells may, when mature, lie in one plane with those of the epidermis, or may 
be deeply depressed and apparently belong to a deeper layer of cells (Fig. 88) ; some- 
times they are, on the contrary, elevated above the surface fff the epidermis. 

The stomata of March an ties’ may shortly be mentioned here in connexion with 
whal has already been said on Fig. 65, p. 78. After the formation of the air-cavities, 
which are filled with outgrowths containing chlorophyll (Fig. 89, A, chi), one cell of the 


Strasburgcr, in Jahrb. fur wiss. Bot. VII. p. 393; also Ranter, /. c. 
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epidermis lying above the centre is divided by several bipartitions into four, six ( Mar - 
cbantia, Fegatella ), or several (. Rehouillia ) cells, which are arranged radially about a point 
where their walls unite. Here the cells separate from one another, and the cleft (Fig. 
89, B and C t po) is surrounded by four, six, or more guard-cells (si). Each of these cells 
is finally divided by walls parallel to the surface into from 4 to 8 cells lying one above 
another, and the stoma becomes a canal surrounded by 4, 8, or more rows of cells. 



— Marchcinttti f>oly>norphti J'.irt i>f .1 ymmu fru< titu'sitmu ; ./ vurtii.il sn imn, c i_]'nkimn. \ jmi iitiuii 
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(c) Cork, and Epidermal Formations formed from it 1 (Periderm, Lcnticels, Bark\ 
When succulent organs of the higher plants, no longer in the bud-condition, are injured, 
the wound generally becomes closed up by cork -tissue ; i.e. new cells arise near the 
wounded surface by repeated division of those which arc yet sound, and these, forming 
a firm skin, separate the inner living tissue from the outermost injured layers of cells. 
Hie walls of this tissue resist the most various agents; similar to the cuticular layers 
of the epidermis in their physical properties, flexible and elastic, permeable only with 
difficulty by air and water, they for the most part soon lose their contents and 
become filled with air. They are arranged in rows lying at right angles to the sur- 
face, of parallclopipedal form, and constitute a close tissue without intercellular spaces. 
These are the general distinguishing features of cork-tissue. It not merely forms on 
wounded surfaces, but arises in much greater mass where succulent organs require an 
effectual protection, as on potato-tubers, or where the epidermis is unable to keep 
up with the increase of circumference when growth in thickness continues for a long 
period. In these cases, which occur but seldom in Monocotyledons (e. g. stem of 
Drac<pna ), but generally in stems and roots of Conifers and Dicotyledons when 
several years old, the cork-tissuc is formed even before the destruction of the epider- 
mis; and when this splits under the action of the weather and falls off, the new 
envelope formed by the cork , is already present. The cork-tissue is the result of 
repeated bipartition of the cells by partition-walls, rarely in the epidermis itself, more 
often in the subjacent tissue. These partition-walls lie parallel to the surface of the 
organ ; where the increase of the circumference necessitates it, vertical divisions also 


1 H. von Mohl, Vermischle Schriften hot. Inhalts, Tubingen 1845, pp. 221, 233. — Hanstein, 
Unteisuch. fiber den Bau u. die Entwickclung der Baumrindc. Berlin 1R53. — Samo, in Jahrb. fiir 
wibS. Bot., vol. II. p. 39. — Merklin, Melanges biol. du Bulletin de l’Acad. Imp. dts sciences de 
St. Petersbourg, vol. IV. Feb. 26, 1864. 
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take place, by which the number of the rows of cells is increased. Of the two newly 
formed cells of each radial row (/. e. vertical to the surface of the organ) one remains 
thin-walled, rich in protoplasm, and capable of division ; the other becomes suberised and 
permanent. Thus arises, usually parallel to the surface of the organ, a layer of cells 
capable of division, which continues to form new cork-cells, the Cork-cambium or layer 
of Phellogen. In general this is the innermost layer of the whole cork-tissue, "so 
that the cork increases centrifugally, and new layers of cork are constantly formed 
out of the phellogen inside those already in existence. But, according to Sanio, it 
also happens, when cork is beginning to be produced, that the formation of per- 
manent cells proceeds centripetal! y, or an alternation of centripetal and centrifugal cell- 
formation takes place in the young cork-tissue. But sooner or later the centrifugal 
formation of cork with phellogen on the inner side always commences, a result of 
the circumstance that the tissues lying on the outside of completely suberised layers 


of cells die sooner or later. Usually the 
formation of cork begins first at single 
places of the periphery of lignified branches; 
but the phellogen gradually forms a con- 
tinuous layer, from which new layers of 
cork are developed centrifugally. When 
in this manner a layer of cork arises, 
increasing progressively from the inside, 
it is termed Periderm. The develop- 
ment and configuration of the cork- 
cells may change periodically during the 
formation of periderm; alternate layers of 
narrow thick-willed and broad thin-walled 
cork- cells are formed; the periderm then 
appears stratified, like wood with annual 
rings, as in the periderm of the cork-oak, 
birch, See. In some cases the phellogen 
gives rise not only to cork-cells, by which 
the periderm increases in thickness, but 
parenchymatous cells are also formed con- 
taining chlorophyll ; but it is only daughter- 
cells of the phellogen lying on the inner side 
(facing the wood) that undergo this meta- 
morphosis. In this manner the green cor- 
tical tissue of some dicotyledonous plants 
becomes thickened by the layers of tissue 
proceeding from the phellogen, which 
Sanio terms the suberous cortical layer or 
Phelloderm . This occurs, for example, in 



Mi.. 1 'uun.ilmn of curl* in <1 br.imh of m^turt 

011c year olil ; part of a transverse section ; e epidermis, ft hair, 
b bast-cells, pr cortical parenchyma distorted by the increase 
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branches two years old or more of Salix purpurea and alba } the beech, &c. In 
such cases the phellogen lies between the periderm and the phelloderm, the outer 
daughter-cells producing cork-cells, the inner phelloderm (Fig. 90). The layers of 
periderm which first undergo suberisation sometimes bear a very close resemblance to 
true epidermis, as, for instance, in branches one year old (August) of the Scotch fir, 
where, while the epidermis still remains, the cork-cambium is formed in the cortical 
parenchyma, and at first presents the appearance as if a second epidermis were formed 
with cells greatly thickened on the outside. 


As the epidermis is at first replaced by the periderm, so this again is afterwards 
replaced by the formation of bark when the increase in thickness continues long and 


vigorous. In large trees, as oaks and poplars, the boughs are covered with epidermis in 
their first year, when several years old with periderm, the older branches and the stem 
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with bark 1 . The formation of bark depends on the repeated production of new layers 
of phellogen in the succulent cortical tissues of Conifers and Dicotyledons which con- 
tinue to grow centrifugally. Layers of cells which can extend through the most 
different tissues of the cortex are changed into cork-cambium, which ceases to be 
active after the production of thicker or thinner layers of cork. These layers of 
cork cut out, so to speak, from the cortex, scaly or annular pieces of the surface; 
everything which lies outside them becomes dried up; and since this process is con- 
stantly repeated on the outside of the stem, and the new layers of cork continually 
intrench fuithcr on the growing cortical tissue, a mass of dried up portions of tissue, 
constantly increasing in thickness, becomes separated from the living part of the 
cortex ; and this is the Bark. The process is very clear in the bark of the oriental 
plane which detaches itself in large scales, and almost as clear in old stems of the Scotch 
fir. Since the bark does not follow the increase in thickness of the stem, it splits in 
longitudinal crevices from the surface inwards, as in the oak, according to the direction 
of weakest cohesion ; in other cases it peels off in the form of horizontal annular bands 
from the stem (ring-bark), as in the cherry. 

LenthtU are a peculiarity of cork-forming Dicotyledons. They appear before the 
formation of periderm in branches during their first year, as long as tho cortex is still 
covered with uninjured epidermis, and are visible as roundish bodies. At the end of 
the first or in the following summer, the epidermis splits above the lenticel in the 
direction of its length; the lenticel becomes changed into a more or less projecting 
wart, which is often divided by a central furrow- into two lip-like ridges; its surface is 
generally biWn, its substance to a certain depth dry, brittle, and cork-like. With the 
further increase in thickness of the branch, the lenticels become extended in a direc- 
tion transverse to the branch, and present the appearance of transverse streaks ; 
when afterwards cork or bark is formed, the splitting of the cortex commences with 
these, and they become indistinguishable (as in the silver poplar, apple, and birch); by 
the scaling off of the bark they are of course removed. According to Unger, the 
lenticels arise only at those portions of the cortex where stomata occur in the epidermis ; 
according to Mold the inner cortical parenchyma projects in a wart-like manner 
through the outer, and forms a cork-tissue, which, on the formation of periderm, 
coalesces with the cork of that tissue ; as occurs, for example, in young potato-tubers. 
The formation of cork on the lenticel continues for a number of years, until the cortex 
which afterwards grows from within dies off on the outside, periderm or bark- 
formations becoming interposed between the lenticels and the living part of the cortex. 
In many trees, as Crat&gus, Pyrus , Sa/ix, Populus , where the formation of periderm 
begins from single spots, and becomes further extended, the lenticels are, according to 
Mohl, the points of departure’ 2 . 

Sect. 16. The Fibro-vascular Bundles 8 . — The tissue of the higher 
Cryptogams and of Phanerogams is traversed by filiform or string-like masses of 


1 A considerable increase of thickness is not always associated with the formation of pciiderm, 
as, for example, in the sunflower and other anmnl steins. In Viscum the epidermis al\\a)s icmnins 
capable of development, and its thick cuticular layers render the protection of pciidmn super- 
fluous. The formation of hark is also not a neccssaiy consequence of vigorous inciease of thickness; 
the copper-beech and the cork-oak, for example, form nothing but periderm. 

a [Kor a detailed investigation of the development of lenticels, see E. Stahl, Enh\ ickelungs- 
geschichto und Anatomic tier Lenticellen, lint. Zeilf. 


Dickemvachsthum ties Stammes u. die Anordmmg dcr Gefa^stiiinge bci den Sapindacecn. Miinchen 
1864.- -Caractere ct formation du liege dans les dicotyledons, in Uauwenhoff s Archives Nccrlandaiscs, 
vol, V. 1870. [Eor the recent literature see Vines in Quart. Jour. Mier. Sci. 1876, pp. 388-31,8.] 
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tissue, which in some cases develop by increase in thickness in such a manner 
that they lose externally the form of strings and present that of large masses, 
retaining, however, internally their characteristic structure. These are the Vascular 
or Fibro-vascular Bundles. Very often they can be completely isolated with ease 
from the rest of the tissue of the plant. If, for instance, the petiole of Planlago 
major is broken across, they hang out from the parenchyma as tolerably thick, 
extensible, elastic threads. In Pleris aquilina it is possible, by scraping off the 
mucilaginous parenchyma, after removing the hard epidermal tissue of the under- 
ground stem, to expose them as strap-shaped or filiform very firm light yellowish 
bands (Fig. 91). In older leaves of trees, dry pericarps (as Datura ), stems of 
Cactus , & c., the fibro -vascular bundles are left, through the decay of the parenchyma 
which surrounds them, as a skeleton retaining more or less the original form. 
Beautiful and instructive skeletons of this nature 
are afforded by the stems of Tree-ferns, Dra- 
ca , na i Yucca , manse, &c\, when their parenchyma 
has been destroyed by gradual decay, and 
only the epidermal tissue and the firm bundles 
in the interior remain ; and the student would 
do w'ell in any case to make for himself pre- 
parations of this kind, or to examine them in 
collections ; they are extremely useful for a clear 
comprehension of structure. This is, however, 
the case only with lignified fibro- vascular bundles 
which run isolated between soft parenchyma ; 
in some plants, on the contrary, the tissue of 
the bundles is even softer and more delicate 
than that which surrounds them (e.g. Ccrato- 
phyllum , MyriophyUum, Hydrillese, and other of tin 1 (11.1h1r.il 

* , ' . , . r fpiilcn al p soft in 

water-plants) ; and in these cases they cannot of pr dark* . i, form- 

course be isolated. But in the older lignified t«i »<i.. ..is of 

. r r* r ita-.ii -Ur.-n< hym.», m« within them A the 

stems and roots of Conners and Dicotyledons, tum. v;.s< i.ur 1 .souci i. y 

, 1 1 ii 11 1 str.ipjnif off tl ; it exhibits divisions 

the nbro-vascular bundles are so densely crowd- <i«ntni im.s show iho ..m 

l>iiiiu.hss *(' and >/", and . 

ed, and so extended by the further development 
of their tissue, that at last very little or even 

nothing is left of the original fundamental tissue which separated them, and such 
stems consist almost entirely of fibro-vascular masses. 

Each separate fibro-vascular bundle consists, when it is sufficiently developed, of 
several different forms of tissue, and must therefore itself be considered as a tissue- 
system ; but different bundles, often in very large number, unite in most plants to 
form a system of a higher order. At present however we shall consider only the 
separate bundle. 

The fibro-vascular bundle consists at first of similar cells fitting together 
without intercellular spaces 1 ; this form of tissue in the young undifferentiated 

1 The young cells of the fibro-vascular masses are not always elongated and piosenchymatous ; 
in the roots of maize the young vascular cells which no longer divide, as well as the adjoining ones, 
are tabular or cubical. 
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bundle may be termed Procambium \ As it grows older, some of its rows of 
cells change into permanent cells of definite form (vessels, bast-fibres, &c.); and 
from these starting-points the transformation of the procambium-cells into per- 
manent cells in the transverse section of the bundle advances until the cells have 
all undergone this change; or an inner layer of the bundle remains capable of 



J-IC. %fi *— Tiansvcrsr section of a closeil fil no vascular bun<11»* in tin* stem «>f i«i.h/< (< *,ki>) ; th< fihi<> va-.< ular btm< 
consists of the xylein port on x r, r, /. ami the phlnein-portion t> v v; the I lut k-walloU tissue on the nut sale is the bund 
sheath l>dnn£ii>K to the funilamental tissue ; // the thin walleil parent Inina of tile bind inu nial tissue ; a outer side, t ini 
side (facing the axis of tin. stun), £ £ two lar^e pitted \essels; » spirally thu lulled vtsstl; i isolati d rui^ of an annu 
vessel , l air i ontainin^ cavity, caused by splitting resulting from giowth ; t the cambifonn or latticed cellular tissue vvhi 
lias Inst passed over into permanent tissue ; between it and the vessel -v lie rcticulately tliu keneil \ essels with bntdered pit 


further development, and is then called Cambium . In advanced age there are thus 
bundles devoid of and bundles containing cambium; the former may be termed 
closed, the latter open 1 2 . As soon as a procambium -bundle has become transformed 


1 Nageli calls the tissue of the young fibre-' vascular bundles simply Cambium, and applies 
the same term to the tissue, capable of further development, of the bundles which increase in thick- 
ness, which nevertheless ought to be distinguished from them. Sanio terms the latter only 
Cambium, a rcstiiction which 1 adopt. (Sanio in Hot. Zcitg. 1S63, p. 362.) 

a This distinction was first made by Schleiden ; but he incorrectly ascribed to Dicotyledons in 
general only open bundles; his distinction of simultaneous and successive cannot be sustained; all 
bundles become differentiated successively in transverse section. Schleiden’s simultaneous bundles 
of the higher Cryptogams belong to the closed description. 



THE FIBRO* VASCULAR BUNDLES . 


Ill 


into a closed fibro-vascular bundle, all further growth ceases, as in Cryptogams, 
Monocotyledons, and some Dicotyledons. The open fibro-vascular bundle, on 
the other hand, continues to produce new layers of permanent tissue on both 
sides of its cambium, and thus the portion of the stem or root concerned con- 
tinually increases in thickness, as occurs in woody Dicotyledons and Conifers; 
the foliar organs, however, of these plants possess closed bundles, or, if they are 
open, the activity of their cambium soon ceases. 

The different forms of tissue of a differentiated fibro-vascular bundle may be 
classified into two groups, which Nageli calls the Phloem - (Bast) and Xylem - (Wood) 
portion of the bundle. They are separated by the cambium, if there is any. In 
each of the two constituents of the bundle, the phlo&m and the xylem, three 
forms of tissue are especially to be distinguished : -(i) Vascular cell- unions (the 
wood-vessels of the xylem, the sieve-tubes of the phloem) ; (2) Prosenchymatous 
Tissue (the wood-fibres in the xylem, the bast-fibres in the phloem); and 
(3) Parenchymatous Tissue (the wood-parenchyma in the xylem, the bast- paren- 
chyma in the phlogm). The phloem consists of succulent, generally thin-walled 
cells ; only the bast-cells, which are often absent, but very frequently massively 
developed, are usually greatly thickened (mostly however not lignified but flexible). 
The thin-walled succulent cells are either parenchymatous, or they are cambiform 
or latticed-cells, or finally sieve-tubes. The xylem-portion of the fibro-vascular 
bundle has mostly a strong tendency to thicken its cell-walls, which become hard 
and lignified in vessels and wood-cells with bordered pits the contents disappear, 
and they henceforth contain air. Lignified parenchyma is also abundant, but in 
some cases no lignifying takes place ; the whole bundle is then soft and succulent, 
sometimes traversed only by single thinner strings of lignified vessels and wood-cells, 
as in the roots of the radish, tubers of the potato, &c. The elements of the 
fibro-vascular bundles, as far as they consist exclusively of procambium, are mainly 
prosenchymatous, or at least elongated in the direction of the axis of growth of the 
bundle. In open bundles there arise also in the cambium, with the increase of their 
thickness, radial rows and layers of horizontally extended cells, by which the later- 
formed xylem- and phloem -layers of the bundle become broken up in a fan-like 
manner. These horizontal elements mostly assume the character of parenchymatous 
cells, and may be generally designated as rays; within the xylem they are called 
Xylm-rays, within the phloem Phloem-rays . 

The position of the layers of phloem and xylem in the transverse section of a 
bundle varies according to the class to which the plant belongs and the organ in 
which they are found ; in the open bundle of the stem of Dicotyledons and 
Conifers the former lie towards the circumference the xylem facing the axis of 
the organ ; between the two lies the cambium-layer (Fig. 93). But a layer of 
phloem is sometimes found in addition on the axial side of the xylem, so that 
the bundle possesses two phlo(im-layers, a peripheral, *and an axial-layer, e,g. in 
Cucurbilaceae, Solanaceae, and Apocynacece. In the closed bundles of Dicotyledons 
there occur considerable deviations from the typical position of the tissues ; among 


1 See, however, what is said in Book II., at the end of the section on Dicotyledons, on the 
formation of tissue in that class. 
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Monocotyledons these are still more conspicuous, especially if the bundle-sheath 
of lignificd prosenchyma, which often occurs in them, is taken into account (see 
Fig. 92). Among Ferns, Lycopodiacese (with isolated bundles 1 ), and Rhixocarpese, 
the xylem lies in the centre of the bundle, while the phloem forms a soft succulent 
sheath round it (Fig. 67, p. 80, and Fig. 44). 

According to the relative position of the two principal constituents of fibro- 
vascular bundles, they may be classified under two varieties: — (1) Collateral bundles, 
in which the phlofc'm and xylem run parallel to one another, like the two halves of a 



rod bisected lengthwise, as occurs in Phanerogams and Equisctacea) ; and (2) 
Concentric , when the xylem is completely enclosed within a layer of phloem, as 
in Ferns, the simple bundles of Lycopodiactae * f &c. The latter kind are always 


1 The bundle in the stem of Lycopodium Cham&cyparissus , &c., is clearly a union of several 
fibro- vascular bundles, such as occurs in the axial cylinder of roots (see Book II., Lycopodiacea?). 

a See Russo w, Vergleichende Untcrsuchungcn iibcrdic l citbundclkiyptogamcn. Petersburg 1872, 
p. 159 ctseq. The terminology employed in this paper does not seem to me happy, with the 
exception of the term ‘collakial bundles.’ 
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closed; while the former may be either closed or open. (Vide infra under the 
Fibro-vascular system of roots.) 

Every one of its cell-forms may at one time or other be absent from a fibro- 
vascular bundle ; bundles may occur without wood-cells, without vessels (very rarely), 
without bast-fibres, &c. ; it is only the soft bast (the succulent thin-walled cells of the 
phloem) that is scarcely ever absent. All these variations may occur in the same 
fibro-vascular bundle in different parts of its length, when this is considerable. The 
terminations of the bundles which traverse the stem of Phanerogams are usually 
found in the leaves ; there, as their thickness decreases, they lose all the elements 
of the xylem except one or two spiral vessels, and finally these also ; the extreme 
ends of these bundles which traverse 
the mesophyll of the leaves often 
consist only of long narrow thin- 
walled cambiform cells. 

If the fibro-vascular bundle is 
formed at the very earliest period 
within an organ which afterwards 
grows rapidly in length, then the 
elements which were formed before 
the increase in length (the inner- 
most vessels and the outermost bast- 
cells) are the longest, since they par- 
ticipate in the whole increase in 
length of the organ ; the elements 
developed during the elongation are 
shorter; and those are shortest of 
all which arise after the increase in 
length of the whole organ has been 
1 ompleted ; this occurs in particular 
with the open bundles of Dicotyle- 
dons and Conifers. 

The development of the elements 
of a bundle always begins at single 
points in the transverse section, 
and extends from them in different 
directions; and thus the permanent 
cells which arise successively acquire different mature forms. In the open bundles 
in the stem of Dicotyledons and Gymnosperms the development usually begins 
with the thickening of single bast-cells on the peripheral side of the bundle; 
somewhat later single spiral vessels (or annular vessels) arise next the pith; 
and while the development of the phlofcm proceeds ctntripetally- — forming succes- 
sively and often alternately bast-fibres, sieve-tubes and parenchyma — annular or 
spiral vessels with reticulate thickenings (or both forms), and eventually vessels 
with bordered pits alternating with wood-fibres and wood-parenchyma, arise 
centrifugally in the xylem (Fig. 95). In Coniferae only proscnch/matous cells with 
bordered pits (together with xylem-rays) are subsequently produced, so long as 

1 
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the stem or root grows. In Dicotyledons, on the contrary, after the first year, 
a combination of vessels and wood-prosenchyma, often mixed with wood-paren- 
chyma, is annually formed. I11 trees with annual rings in the wood a periodicity 
may be remarked in the development of the cells of the xylem ; and on this depends 
its stratification into annual layers. Not unfrequendy the phlofem-portion also shows 
a similar stratification. In the closed bundles of Monocotyledons the order of 
development in the first year is similar to that already described. In Fig. 92, for 
example, the annular vessel r is first formed in the xylem-portion, then the spiral 
vessel r, then, advancing right and left, the pitted vessels and in the middle 
(advancing radially) the narrow pitted vessels. It sometimes occurs {e. g. in 
Ca/odracon , according to Niigeli) that the formation of vessels advancing right 
and left encloses the procambium, which afterwards passes over into latticed cells. 



ri<„ 9'.— Longitudinal sevtion of a fibro-vasruhir bundle of Hicniut, the transveisc section being shown in T ; iy. q\\ 
t curt h.i) jureiitlijUM ; bundle-sheath; m parenchyma of the : /> bust -lil ires; / phloem-parenchyma; < camhimn, the 
row «,f cells between < and f> develops afterward?. Into a sieve-tube In the xylem. portion of the bundle the elements are 
developed fmin » sun cssively to /'.• s the firz>t narrow and very limy spiral vessel, wide spiral vessel, both with a spiral 
band winch can be unrolled ; / vessel thickened partly in a scalariform. partly in a tetn ulate manner; h h' wood-cells; / pitted 
vi.ssel, at q the absorbed septum; h'' h "* wooil-eells; t' pitted vessel, still y«ung ; the pits at first show the outer border; 
afterwards the formation of the inner oriliee commences; at / / / in the wall of the vessel are observed the bonndury-hnes of 
the adjoining cellb which have been removed. 

In the petiole of Pier is aquilitia the development of the xylem begins in the 
procambium-bundles, by the formation of some narrow spiral vessels in the foci 
of their elliptical section ; scalariform vessels are then formed in the direction of 
the longer axis of the ellipse, first centrifugally then centripetally, until a compact 
woody mass is produced, elongated in transverse section; round this the pro- 
cambium which is still left is transformed into latticed cells, sieve-tubes, and 
cambiform tissue, and partly (at the circumference) into bast-fibres (Figs. 94, 96). 
The same is the case with most concentric bundles of Cryptogams. 

The Fibro~*vascular System of Roots . Bundles of the kind now described traverse 
the stem and branches usually in large numbers (sometimes, as in Palms, the number 
is enormous), bending at their upper end into the leaves, where they ramify copiously in 



THE FZBRO-VASCUlAr BUNDLES . 


1*5 

the lamina, constituting its venation. Every bundle is completely surrounded by 
fundamental tissue both in the stem and in the leaf, and is therefore isolated from 
the rest; the only connection between different bundles takes place at their lower 
ends within the stem. The arrangement of the fibro-vascular system in the root is 
strikingly different, if we compare with it in the case of stems only the original 
structures produced by differentiation from the primary meristem, and not the 
thickening-tissues which subsequently arise from the secondary meristem or cambium 
(see Sect. 18). The root is usually cylindrical and very slender; and its transverse 
section, both in Cryptogams and Phanerogams, shows, beneath the epidermis, a thick 
layer of parenchymatous fundamental tissue, surrounding a cylindrical bundle which 
traverses the whole length of the root. 'Phis bundle may be termed the axial cylinder 
or Plerome; it is always sharply separated from the cortical parenchyma by an innermost 
layer of the latter, the Bundk-sheath or Plrrome-sbeath. In most stems also a similar 
sheath separates the cortex 
from an internal cylinder 
of tissue 1 containing the 
fibro-vascular bundles (Fig. 

93, p. 112). It may easily 
be recognised by the cha- 
racter of the longitudinal 
partitions of its cells in a 
radial section, which, in 
consequence of their pecu- 
liar folding, appear, on 
transverse section, as if 
marked with a black dot 
( Fig. 96, j) \ 

Within this bundle- 
sheath is usually found in 
thick roots a large number 
of ribbon-shaped vascular 
bundles arranged in a ring. 

In each vascular bundle the 
oldest but smallest vessels 
lie on the outside next the 
sheath (Fig. 96, />,/>) ; from 
them the formation of ves- 
sels advances centripetally, 
so that the later-formed 
vessels which lie nearer the centre are always larger and broader. Between any two 
groups of vessels there always lies a bundle of phloem (/»/>), which not unfrequently 
has true bast-fibres on its outer margin. The rest of the axial cylinder consists of paren- 
chymatous tissue. 

In slenderer roots the number of xylem- and phloem-bundles in the axial cylinder 
is commonly reduced to two or three, and in that case the former usually meet 
in the axis, so as to form either a broad band which divides the cylinder in two, or 
a three-rayed star of vessels. In thicker roots, on the contrary, the inner edges of 
the vascular bundles do n >t usually reach the centre of the cylinder, which in these 
cases consists of a mass of parenchymatous tissue or pith, m. Roots which, like most 

1 See* also the end of Sect. 19, and Van Ticghem, Mtf moire sur les canaux secreteurs; Paris, 
1872; foot-note, p. 17. 

* [This is well shown by Van Tieghem, Recherches sur la symetric de structure dcs plautes vas- 
culaircs, in Ann. des Sci. Nat. 5th ser, 1871, vol. xiii. pi. 3-8.] 
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primary roots of seedling Dicotyledons and Conifers, are thick in their upper part, 
gradually decreasing in thickness below as they lengthen, have no pith in their lower 
part, so that thp vascular bundles, separated above by this pith, are in contact in the 
lower parts of the root, presenting a star-shaped appearance on transverse section. 

The outermost portion of the axial cylinder consists (except, according to Nageli 
and Leitgeb, in the case of Equhetum) of a simple layer of cells, which they have termed 
Pericambium . It must lie, as will be seen from what has been said, on the inside of the 
plerome- or bundle-sheath (Fig. 96 , pc). The importance of the pericambium in the 
branching of the root and in its increase in thickness will be discussed further on 
in Sects. 18 and 23. 

In the present state of our knowledge of tissues it is still doubtful whether the axial 
cylinder of roots should be regarded as a single fibro-vascular bundle, or as a coalescence 
of a number of such bundles, corresponding to the bundles of xylem and phloem. Van 
Tieghem (/. r.) adopts the latter view, laying special stress on the fact that in most stems 
also a pleromc-sheath (which he terms ‘ membrane protectrice ’) separates all the fibro- 
vascular bundles together with the pith from the cortex. On this view it is only 
necessary that the bundles in the stem should be closely crowded together, and their 
phloem-portion placed at the side of instead of in front of the xylem-portion, in order 
to get an axial cylinder like that of roots. This view is supported by the fact that 
in some stems (as in those of Lycopodium , Fig. 100, B. p. 122, and some water-plants like 
Hppurhy Hyd cilia, &c.) there is an actual axial cylinder similar to that of roots. 
Further investigation is, however, required to show how far one is justified in regarding 
the entire ;%x ial cylinder of roots, like that of the stems just referred to, as the result 
of a longitudinal coalescence of true fibro-vascular bundles. 

Forms of Ct Us. I have at present indicated only the relative positions of the 
separate forms of tissue in the tibro-vaseular bundle; some remarks will follow on the 
forms of their cells ; but here also, in consequence of the numerous special modes of 
development, leference must be made to the special morphology of separate classes 
of plants in Book II. The cell-forms of the fibro-vascular bundles attain their most 
perfect and varied development in Dicotyledons; the forms which occur in them may 
therefore be employed as a basis for the critical examination of those of other classes of 
plants. 

The Xylem-portion of the fibro-vascular bundle of Dicotyledons is composed of 
numerous cell-forms, which may be referred, according to Sanio’s careful researches, 
to three types, lie distinguishes (1) Vascular, (2) Proscnehyinatous, and (3) Paren- 
chymatous. 

7 *o the Vascular forms belong the Ducts (pitted or dotted wood-vessels) and the 
vascular wood-cells or Tracheides . This form of cells is characterised by their walls 
forming open orifices where two cells of the same kind meet, so that their contents soon 
disappear and air takes their place ; the thickenings show a tendency towards the 
formation of spiral bands, reticulations, and bordered pits. True Vessels (Figs. 25, 94, pp. 
26, 113) arise when the septa of similar cells arranged in longitudinal rows are entirely or 
partially absorbed ; and thus long tubes originate, filled with air, and distinguished from the 
adjoining wood-cells principally by their greater breadth 1 . The septa may be horizontal 
or more or less oblique; and in general the mode of their perforation corresponds; 
horizontal walls are often entirely absorbed, or are pierced by large round openings. The 
more oblique the septum, the more do the perforations take the form of narrower or 
broader parallel fissures; and the thickening-bands of the septum which remain present 
more or less the appearance of rungs of a ladder, while they often combine into a net- 
work. These scalariform septa are found, according to Sanio, not only in reticulately 
thickened vessels and those with bordered pits, as was previously supposed, but also in 
spiral vessels (e.g. in Casuarina , Olea , Vitis), where coils of the spiral band pass imme- 


See, however, p. 90. 



THE F1BR0-VASCVLAR BUNDLES . 


IJ7 


diately into the scalariform markings. The detachment of the spiral band of the first- 
formed spiral vessels in stems and petioles which are growing rapidly, appears to 
depend solely on the separation of the band from the thin quickly-growing wall 
common to the vessel and to the adjoining cells. If the band were unrolled 
owing to the absorption of this wall, the adjoining cells would necessarily be opened. 
If the septa of the separate vascular cells are very oblique, the cells assume a 
prosenchymatous appearance, and the more this is the case the more does the vessel 
appear completely continuous. In the xylem of Ferns this is often carried to so 
great an extent that, after 


the cells have been isolated 
by maceration, it would be 
easy to believe that we 
have not cells united into 
vessels, but fusiform pros- 
cnchyma (Fig. 27, p. 27); 
but in this case also all kinds 
of transitions occur to the 
typical scalariform septa 1 . 
Vessels with prosenchyma- 
tous constituents form the 
immediate passage to the 
vascular wood-cells (Tra- 
rhcides). If the form of 
the cells is such that there 
is no difference between 
the longitudinal wall and 
the septum -“-which is pos- 
sible only in decided pros- 
enchyma — then the perfor- 
ations betw een cells which 
lie above and cells which lie 
beside one another are no 
longer different in form ; 
rows of cells no longer 
give rise to continuous 
tubes, but whole masses of 
cells (bundles, &c.) arc con- 
nected with one another by 
means of open bordered 
pits. This occurs in an 
especially marked manner 



in the tracheides in the 
wood of Conifers (vide 
Figs. 23, 24, p. 25). There 


Ilf. 07. — lanjjfiui.il Innjjitu'lmal sfetion thnniijh tho sctmulaiy iiuml of 
Ailsintus standuh>\a ; x A 1 ' vessi-ls ; <7 xylfin-rays cut through transversely ; / wnivl. 
parenchyma; / trnrluMiU's ; Ij 111 triform fibres 


is no other difference between these and true vessels; for vessels with open bordered 


1 See Dippel in the Amtlichcn Bench t der 39, Vcrs.der Natgrforschcr 11. Aerzte. 1865 (Giessen), 
FI. 3, Figs. 7-9. Dippel’s observations on Cryptogams and the whole description of the formation 
of vessels here given, their passage into tracheides, and especially the fact that the air-conducting 
vascular forms have open bordered pits, and arc thus in communication even when the paren- 
chymatous constituents of a vessel arc united not by large openings, but by narrow' fissures, &c. (and 
are hence not closed cells, as Caspary thinks), compel us to reject Caspary’s hypotl csis of the 
absence of vessels in Cryptogams and many Phanerogams. (Sec Caspary, Monatsbciichtc dcr k. 
Akademie der Wissenschaften in Berlin, 1863, p. 448 [Nat. Hist. Rev., 1863, pp. 364-367].) 
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pits (ducts) behave in reference to the side-walls exactly like tracheides (Fig. 25, p. 26). 
The separate elements of the vessels of Ferns composed of prosenchymatous cells (Fig. 
«7, p. 37 ) may be correctly designated tracheides. 

The Prosenchymatous cell-forms of the xylem are always fusiform, very thick-walled 
in comparison with their diameter, with usually simple, but sometimes bordered pits, 
the pits small, always without a spiral band; during the repose of vegetation they 
contain starch. Next to the middle lamella of their partition-walls there often lies 
an unlignificd gelatinous thickening-mass which is coloured violet-red by Schultz’s 
solution, and resembles many bast-fibres. These cells are generally much longer 
than the vascular forms. Sanio distinguishes two forms ; — the simple ( Vtbriform ) and 
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the septate fibres ; the latter are distinguished from the former by their cavity 
being partitioned by several thin septa, while the common wall of the whole fibre is 
thick. These prosenchymatous cell-forms are found in the wood of dicotyledonous 
trees and shrubs in the most various intermixture with the vascular elements and the 
other forms to be named immediately. Whether libriform fibres occur in Cryptogams 
is at least doubtful. 

The Parenchymatous cell-forms of the xylem are widely distributed, and especially 
abundant when the woody substance of the fibro-vascuiar bundles attains a considerable 
thickness. They arise by transverse division of the cambium-cells before their thicken- 
ing commences. The sister-cclls show this origin chiefly by the mode in which they are 
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arranged; when completely developed they are thin- walled, with simple closed pits. 
Their contents in winter consist of starch, often associated with chlorophyll, tannin, 
and crystals of calcium oxalate. It also happens sometimes that the cambium-cells on 
the xylem-side of the bundle become transformed, without transverse division, into 
parenchymatous, thin-walled, simply pitted, elongated, succulent cells, which must 
also be considered as parenchymatous forms of wood-cells 1 . To this last type are also 
to be referred the parenchymatous elements in the xylem-portion of the closed fibro- 
vascular bundles of Monocotyledons and Cryptogams; but these thin-walled, mostly 
elongated cells do not in this case originate in the cambium (since this, according 
to the terms in customary use, is absent from the dosed bundles), but immediately 
from the procambium of the bundle (Fig. 95, p. 114, near 5 ). Sometimes the wood- 
parenchyma derived from the cambium of Dicotyledons (parenchyma of the xylem) 
is more strongly developed, while only a few vessels and tracheides are formed: 
this occurs in the thick napiform roots of the radish, carrot, beet, and dahlia, and 
in potato-tubers. The apparent pith of these organs corresponds, in its origin, 
to the wood of a dicotyledonous tree; but the elements of the xylem are not, or 
only slightly, lignified ; the succulent contents and the thin soft cell-walls scarcely 
give this xylem the appearance of a homologue of the ordinary wood, although there 
can be no doubt about the homology. 

The Phloem-portion of the fibro-vascular bundles shows, when fully dev lop d, 
similar cell-forms to the xylem-portion ; the sieve-tubes correspond to the vessels, 
the true bast-cells to the libriform fibres, the bast- or phloem-parenchyma to the 
wood-parenchyma. When the bast-parenchyma consists of long, narrow, very thin- 
walled cells, it has been termed by Niigeli Camhiform tissue. 

Parenchyma, eambiform tissue, and sieve-tubes may be included in the term Srft- 
bast , in opposition to the true bast which is sometimes entirely absent (as in Cucurbita ), 
but in other eases is very abundantly developed (as in the Jerusalem artichoke, lime, 
and consists of elongated, prosenchymatous, flexible, tough, firm cells, usually with 
strongly thickened walls. In Dicotyledons they are generally arranged in bundles, fre- 
quently forming layers alternating with soft-bast, as in the grape-vine; but sometimes, 
especially in the later portions of the phloem, which are formed from the cambium, 
they occur also as separate fibres, as in the stem and tuber of the potato. The 
middle lamella of the partition-wall of two fibres is generally lignified or euticularised 
(resistant and coloured yellow by iodine) when they are closely crowded ; but in 
other cases it lorms a mucilaginous * intercellular substance* in which the cells (in 
transverse section) appear imbedded ( e.g . the laburnum according to Sanio, Conifcra: 
and especially in Cryptogams, see Fig. 95, Z>, p. 114). The true bast-fibres of the phloem, 
like the libriform # fibres of the xylem, may become partitioned by subsequent septa 
(as in the vine, occidental plane, horse-chestnut, Pelargonium rostum , Tamarix gal lira , 
according to Sanio, /. c. p. in). As the libriform fibres of the xylem are often found 
branched after isolation by maceration, so also are the bast-fibres 2 . 

The forms of cells now described are the ordinary and essential constituents of the 
fibro-vascular bundles ; various other forms of tissue occur, however, occasionally, as 


1 Sanio applies to these cells the term ‘ Ersatzzellen.’ 

1 It may not he superfluous to point out that many writers very inconveniently als > designate 
certain cell-forms of the fundamental tissue as bast, when they are 4 hick-walled, elongated, ] oinled at 
the ends, or even branched. In that case the libriform fibres of the xylem must also be called bast; 
and it is evident that the term would then have no exact scientific nuaning. The term bast-cells 
has, till recently, been given to hypodermal proscnchyma, to the bundle-sheaths ol Grasses, 
Aroidene, and Palms, as well as to the cells which we have, in Sect. 14, called triehoblasts, even 
when they contain latex, as the laticifcrous cells of Euphorbiacea?. This practice is greatly to 
be deprecated, as it must import great uncertainty into a correct interpictation of the different 
forms and systems of tissue. 
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will have been seen from Sect, 14; and this happens especially in the phloem. Thus 
lithocysts, cells containing pigments, receptacles for oil, and other idioblasts like the 
rows of cells in Pbaseolus which contain tannin ; the true laticiferous vessels of Cicho- 
riaceae, Campanulaceae, and Lobeliacese, belong to the phloem, while those of Papa- 
yaceae and Aroideae belong to the whole fibro-vascular bundle. In may even occur 
that vessels belonging to the xylem contain latex, as in Ipomtea, jirgemone , Gompbocarpus , 
Euphorbia , Car'tca , Lactuca y and in Campanulaceae (David, /. e.). In the same manner 
it has already been shown, in Sect. 14 , that the secretion-canals — i.e. intercellular 
spaces containing oil, resin, or gum — may occur either in the phloem, or in the 
xylem, or in both. 


Sect. 17. The Fundamental Tissue. — By this name I designate the tissue 
of a plant or of an organ which still remains after the formation and development 
of the epidermal tissue and the fibro-vascular bundles. It consists very com- 
monly of thin-walled succulent parenchyma filled with assimilated food-materials ; 
but not unfrequently it is thick-walled ; sometimes portions assume the form of 
strings of strongly Jignified prosenchymatous cells. The most various forms of 
calls may arise in the fundamental tissue, as in the epidermal system and the fibro- 
vascular bundles; a portion may persist in a condition capable of division, while 
the surrounding portion passes over into permanent tissue ; or special layers of 
the fundamental tissue, long after it has been transformed into permanent tissue, 
miy again become subject to cell-division, and a generating tissue thus be pro- 
duced, out of which originate, not only new fundamental tissue, but also fibro- 
vascular bundles (e.g. in Aloinece). 

In Thaliophytes and many Muscinece the whole mass of tissue, with the 
exception of the outermost layer which is often developed as epidermal tissue, 
may be considered as fundamental ; but in these cases, in consequence of the 
absence of fibro-vascular bundles, this distinction has but little practical value. 
In Mosses, which have string-like cell-groups in the stem, it may appear doubtful 
whether these are to be considered as peculiar forms of fundamental tissue, or 
as very rudimentary fibro-vascular bundles. In Vascular plants, on the other hand, 
the independence of the fundamental tissue, in contradistinction to the epidermal 
system and fibro-vascular bundles, is at once apparent ; it fills up the interstices 
of the fibro-vascular bundles within the space enclosed by the epidermal tissues. 
Where the fibro-vascular bundles are closed and do not increase in thickness 
(as in many Ferns), it is frequently the one which occupies the greatest 
space ; where, on the other hand, closely crowded fibro-vascular bundles produce 
large masses of xylem and phlofc’m by the development of cambium (as in the 
steins and roots of Conifers and Dicotyledons), the fundamental ^tissue becomes 
less important. The fibro-vascular bundles in stems are usually so arranged as 
to separate the fundamental tissue into an inner medullary portion the Pi/h, sur- 
rounded by the bundles, and an outer cortical layer or Cortex enveloping them. 
Since the bundles are not in contact laterally, or only partially so, there still remain 
between them portions of the fundamental tissue which connect the pith with the 
cortex, and which are termed Medullary Rays. If the fibro-vascular bundles of 
an organ form a solid axial cylinder, as occurs in some stems and in all roots, 
the fundamental tissue lakes the form of cortex only. 
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(a) The whole course of my description of tissue-systems necessitates the in- 
troduction of the idea of a Fundamental Tissue. It has, in fact, long been required; 
it was often necessary, in anatomical descriptions of tissues which are neither epi- 
dermal nor fibro-vascular, to distinguish them by some common term. Many writers 
employ the term Parenchyma in this sense, in opposition to the fibro-vascular bundles 
and the epidermis; but this usage is not scientific; the fibro-vascular bundles often 
contain parenchyma, and, vice versa, the fundamental tissue is not always paren- 
chymatous but sometimes distinctly prosenchymatous. We have, moreover, to deal 
here not with forms of cells, but with the contrast of different systems of tissue, 
each of which may contain the most various cell-forms. I must compare some- 
what more closely my description and use of terms with those of Nageli. It 
might be supposed that Nageli’s Protencbyma is synonymous with my fundamental 
tissue; but this is not the case; the protenchyma of Nageli is a much more 
comprehensive idea; everything which l call fundamental tissue is protenchyma, 
but all protenchyma is not fundamental tissue. Nageli 1 says, for example, that he 
would call the primary meristem and all tissues which arise immediately from it 
(i.e. only through the medium of secondary meristem, but not of cambium) Prot- 
enchyma (or Proten) ; the cambium, on the other hand, and everything which 
directly or indirectly originates from it, Epenchyma (or Epcn). When Nageli gave 
these definitions, he was treating of fibro-vascular bundles; and it is intelligible that 
he on this occasion included everything which does not belong to the fibro-vascular 
bundles under one common name (Proten). But our business is to give a uniform 
description of the various differentiations of plant-tissues; and there is no reason 
for bringing only into prominence the contrast between fibro-vascular and non- 
fibro-vascular. tissues (Epenchyma and Protenchyma), and for considering all other 
differentiations as less important; the protenchyma of Nageli therefore includes, accord- 
ing to my use of terms, three kinds of tissue each of equal value with his epenchyma. 
The primary meristem is not more opposed to the fibro-vascular (epenchyma) than 
to the epidermal and fundamental tissues; for the three systems of tissue equally 
arise by differentiation from it. The term Proten, after distinguishing from it the 
primary meristem, might be applied collectively to the epidermal and fundamental 
tissues; but I see no reason for bringing into prominence this contrast alone; the 
differentiation between epidermal and fundamental tissues is as essential as that between 
fibro-vascular bundles and fundamental tissue. From all this it follows that epidermal 
tissue, fibro-vascular bundles, and fundamental tissue are conceptions of equal value; 
in each we find the most various forms of cells; and secondary meristem nny also 
arise in each. In the fibro-vascular bundles the cambium is of this nature; the whole 
of the young epidermis is a generating tissue in as accurate a sense as the cambium ; 
if this latter forms vessels, xylern, phloem, &c., the former produces hairs, stomata, 
prickles, &c. ; the phellogen, belonging to the epidermal system, arises still more de- 
cidedly as a generating tissue ; finally, even in the fundamental tissue a portion may 
persist for a considerable time as generating tissue, or may subsequently produce such 
a tissue, r,jr, the meristem of the stems of Dractpna, which brings about its increase 
in thickness, and thus forms new fibro-vascular bundles 2 . 

(b) Examples . The relationship of the three systems of tissue may be observed 
very readily, and undisturbed by subsequent formations, in the foliage-leaves of Ferns 
and of most Phanerogams; in these the fundamental tissue is generally the prevailing 
system, and is developed into different cell-forms. Isolated fibro-vascular bundles, 
separated by the fundamental tissue, traverse the petiole, and are distributed through the 


1 Beit i ago t ur wissenschaftlichen Botanik, Heft i, p. 4. 

54 Since the publication of the isl edition of this work, the classification of tissues here proposed 
has been generally adopted, especially by younger botanists; as also in the main, with some 
deviations in particular points, by Kussow, Unters. liber die Leilbiindelkryptogamcn, Petersburg 1872. 
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lamina; in the petiole they are generally surrounded by a thin-walled parenchymatous 
fundamental tissue with wide elongated cells; this also forms sheath-like envelopes 
around the stronger bundles of the lamina, which are conspicuous on its under-side 
as the Veins ; but the liner branches, and the finest of all, run through the so- 
called Mesophyll \ /. e. a peculiar form of the fundamental tissue distinguished 

by containing chlorophyll. Not 



unfrequently single cells of 
the fundamental tissue of the 
lamina assume the form of idio- 
blasts, e g. the larger stellate 
cells in the leaf of Camellia ja - 
ponica , the erect rod-like cells 
upon which the stomata of the 
leaves of Ha Jhea are, as it were, 
supported. All these forms of 
tissue arc enveloped by the 
epidermis, and frequently also 
by hypodermal tissue. In the 
carpels of Phanerogams there 
occurs commonly a more mani- 
fold differentiation of the funda- 
mental tissue ; I will instance only 
the formation of the so-called 
‘stones* of AmygdiUese. The 
stone is the inner layer of the 
fundamental tissue of the same 
foliar structure of which the outer 
layers form the succulent flesh of 
the fruit ; the former is scleren- 
chymatous, the latter parenchi- 
matous and succulent, both being 
traversed by fibro-vascular bun- 
dles. Kqually clear is the struc- 
ture in the stems of Ferns, among 
which Tree - ferns and Ptcris 
aqnilina are of special interest, 
because the fundamental tissue 
occurs in them in two quite 
different forms. Its preponder- 
ating mass consists, e.g. in Ptcris 


aqnilina (Fig. 91, p. 109) ol a 


thin-walled 


The phloem portions of the four bundles have rnalesrcd ; lit tween cn« h pair 
of xylcmdnmdles is seen .1 row ol w uler t ells, tin Inllned « ells or sieve-lubes ; 
the n.irr »w cells lyin^ on the right ami left edge of each xylcm-portinn are 
spiral vessels (also in . f). In the thu k-w. tiled pmsciirliyitt.itous fundamental 
tissue wlmli envelopes the axial < yhtulor is seen 'he dark transverse se« tion 
of a slender ftbrn-vusculur bundle which bends outwards to n leaf; it consists 
almost exclusively of long spiral vessels (X about <*.), 


taining starch in winter; parallel 
to the fibro-vascular bundles 
there are also threads or 
bands of prosenehymatous thick- 
walled dark brown sclercn- 


chyma ; these have nothing in 
common with the fibro-vascular bundles, but are only a peculiar form of the funda- 
mental tissue, a prosenehymatous form of which often occurs also elsewhere in 


Cryptogams. The tendency to a prosenehymatous development of the cells of the 
fundamental tissue is also well seen in the stems of Lycopodiaccar. In Selaginclla 
dcnthulata (Fig. too A) the axial fibro-vascular bundle is surrounded by a very 
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loose parenchyma with large intercellular spaces ; this innermost portion of the funda- 
mental tissue is enveloped by a thin-walled tissue without interstices, which is seen 
on longitudinal section to be prosenchymatous ; the cells are pointed at both ends, 
and penetrate to a considerable distance between one another; towards the circum- 
ference they become gradually narrower and more pointed; the outermost are dark- 
walled, and form the epidermal system which gradually passes over into this fundamental 
tissue. In Lycopodium Chance cy parts sus (B) the axial cylinder, which consists of several 
iibro-vascular bundles, is surrounded by a thick layer of greatly thickened proscnchyma ; 
in the young stem the cells are similar to those of Selaginella ; but here also the 
prosenchymatous cells of the fundamental tissue undergo an enormous thickening. This 
prosenchymatous fundamental tissue is in its turn enveloped by a layer of tissue, the cells 
of which are thin-walled and not prosenchymatous; this -layer is a descending continua- 
tion of the fundamental tissue of the leaves, which envelopes the stem everywhere, 
and is itself covered by a clearly developed epidermis. 

(c) The Forms of Cells and Tissues in the system of the fundamental tissue have not 
yet undergone a comparative and comprehensive investigation 1 , like those of the fibro- 
vascular bundles. Out of the very 
scattered material I select the fol- 
lowing for the information of the 
student. 

Irrespectively of many altogether 
special phenomena, it is chiefly in 
connexion with the true epidermal 
tissue on the one hand and the fibro- 
vascular bundles on the other hand 
that the differentiation of the funda- 
mental tissue has to be considered. 

Certain forms of this tissue occur as 
strengthenings, or at least as accom- 
paniments of the epidermal tissue, 
and have already been described as 
Hypoderma ; other masses of tissue 
accompany the separate fibro- vascular bundles as partially or entirely closed envelopes or 
sheaths; these I term generally Bundle-sheaths or Vascular Bundle-sheaths. In the 
same manner the whole remaining internal space of the organ concerned is commonly 
filled up by other forms of tissue, which do not, as for the most part the two former 
do, occur in the form of layers, but in masses; these I will designate simple Inter- 
mediate Tissue. Each of these combinations may be composed of very different forms 
of tissue. 

(a) The Hypoderma appears sometimes as a thin-walled succulent watery tissue, 
as in the leaves of Tradescantia and Bromeliacea' ; in the stems and petioles of Dicotyle- 
dons it commonly consists of collenchyma, the cells of which are extended longitudinally, 
narrow, and thickened in the angles by a mass capable of great swelling; or the 
hypodermal fundamental tissue is developed in a sclerenchymalous manner, as in the 
stem of Pteris aquilina; or it occurs in the form of thick-walled but flexible fibres, 
forming either layers and bundles as in the stem of Equisctaceai and leaves of Coniferae 
(Kig. 102), or in long isolated fibres, similar to true bast-fibres, e.g. leaves of Cycadca\ 
In all these cases the hypodermal cells are extended longitudinally; but when layers 
capable of great resistance are also required, the cells often extend in a direction 
vertical to the surface of the organ, and, increasing greatly in thickness, form layers of 



lot — I THUS* CISC SL-xlltm tlllOlllJl the undcigioiniu SiC III <»t 

*ertt iiquilnta; h root-hairs; hencath the epidermis arc strongly thuk- 
led brown-walled cells ; y one lyuttf deeper and less strongly thickened j 
part of the wall is seen in front ; se cells of the deeper layers containing 
arih, forming the passage to the inner colourless parenchyma of I lie 
ndanii-utal tissue. 


1 Since the publication of the 3rd edition of this work, a close investigation of the fundamental 
tissue has been undertaken by Russo w (/. c.) ; he has however occupied himself chiefly with the 
various forms of the bundle-sheaths or * Critenchyma.* 



114 


MORPHOLOGT OF TISSUES . 


closely packed prisms, as in the pericarp of Marsilea and Ptlularia, and the testa of the 
seeds of Papilionaceae. Isolated cells of the same kind are sometimes found in the 
hypoderma, as accompaniments of the stomata and air-cavities, c.g . in leaves of Hakea . 

( 0 ) The Bundle-sheaths consist/ in many Monocotyledons (as Palms, Grasses, 
Aroidese, &c.) of elongated very thick-walled cells belonging to the fundamental tissue 
which is in close contact with each fibro-vascular bundle, either as a continuous sheath 
composed of several layers (Fig. 92, p. no), or only as a partial investment. In Ferns 
and allied Cryptogams, on the other hand, a single layer formed of peculiar cells encloses 
each separate bundle as a cylinder (Fig. 95, p. 114) ; and the same is the case in a few 
Phanerogams, as in the petiole of Menyanthes trifoliatay Hydrocleis Humboldti y &c. A 
layer of fundamental tissue of similar structure envelopes, as we have already seen on 
p. 1 15, the axial fibro-vascular cylinder of all roots and of many stems ( Lycopodium , Hydril- 
lcae, f lippuris), and in most stems Of Phanerogams w’ith isolated vascular bundles (not 
forming an axial cylinder) separates the cortex from the internal tissue which encloses 
the vascular bundles and the pith. In Dicotyledons with the bundles arranged in a ring t 
this layer (Fig. 93, p. 1 12) surrounds the mass of tissue enclosed by the cortex in such a 
manner that the separate fibro-vascular bundles are only in contact with it at their 
phlol'm-portion. If the axial mass of tissue of roots and sterns is called plcromc, then 




J’K. to?.— Transverse section of th<* aucnlar leaf of 
J'lH/n /‘uttn/er (X about Jn) ; e eptfiernus ; f? hyporterm.il 
bundles of prosem liyiua ; j/ stomata; h rcsui-p.iss.iKes; 
V b colourless inner t ssue enclosm** two fibn>.\asrular 
bundles. 


ITU km — The left-liwi'l mnnr of the pio'Mus figure 
(xKo>), ( outer cuticularisi rt layer of the epirtenn.il cell,; 
t imiet non-culicul.irisert lajer; *' \cry strongly thickened 
outer wall of the tpirtermal cells situated at the cornu ; ” i* 
hypoderinal tells; n rcntral lamella; p stratified thu-kcning 
mass: p parenchyma containing c him nphyll ; /; its contents 
cont railed 


this layer, which separates it from the cortex, may conveniently be called the Plernme- 
s heath. In the rhizome of many Monocotyledons, as Aroidea*, Zingiberaceic, Iris , 
Veratrum , it may be seen with the naked eye. The unilamellar plerome- or bundle- 
sheath consists of cells which usually become lignified at an early period, and strongly 
resist solution in sulphuric acid ; the radial side-walls and the upper and under septa arc 
distinguished by a peculiar folding, which, in transverse section, gives the appearance 
of a thickening of the walls, or of a black dot. The inner walls which face the bundle, 
as well as the radial side-walls, often become greatly thickened, especially in Ferns, 
where the thickened walls frequently assume also a deep brown-red colour. 

(y) The Intermediate Tissue usually consists of thin-walled succulent parenchyma with 
intercellular spaces which are absent from all other forms of tissue ; in the stem, how- 
ever, of Lycopodiaceae and of some other Cryptogams it consists of proscnchyma, and 
this is then either thin-walled as in Selaginelleac, or thick-wallcd as in Tycopodica*. 


1 Caspar}*, Jahrb. fiir wiss. Hot. vols. I and IV, p. 101 ct sey. — Sanio, Hot. Zeitg 1865, p. 176 
et seq. — Pfitzcr, Jahrb. fiir wiss. Hot. vol. IV, p. 297. — Van Ticghcm, Carinux secrctcurs, in Ann. 
dt*s Sci. Nat. 1872, vol. XVI. 
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When it is parenchymatous, it may be termed simply Fundamental Parenchyma* Two 
principal forms of this may be distinguished, which are nevertheless united by transi- 
tional forms, vi*. the colourless parenchyma which occurs in the interior of large 
succulent stems and tubers, and in all roots and succulent fruits, and the parenchyma 
containing chlorophyll which forms the superficial layers beneath the epidermal tissues 
of stems and fruits. In foliage-leaves, when thin and delicate, it fills up the space 
between the upper and lower epidermis; if they are very thick, as in Aloe, it 
forms only the superficial layers, while the inner muss of tissue consists of colourless 
parenchyma. 

The hypodenftal layers, bundle-sheaths, and intermediate tissue are the ordinary 
and essential constituents of the fundamental system; but in addition forms of cells 
and tissues developed in a peculiar manner occur, and much more frequently than in 
the fibro-vasculajj* bundles. Of the former kind are the majority of the cells described 
as idioblasts in Sect. 14, isolated cells containing a pigment, tannin, a volatile oil, clusters 
of crystals, & c., or large utricular vessels, or isolated scleroblasts, or the branched cells 
comprised under the term trichoblasts, such as spicular cells, the hairs in the interior of 
Nupbar , in the root of Pilularia , in the petiole and stem of Monsterincae, & c., or finally, 
the laticiferous cells of Euphorbiaceae, Morea;, Asclepiadeae, and Apocynaceae. True 
hit icifcrous vessels are, on the other hand, less often found in the fundamental tissue; 
but in the cortex of many Liliaccac they are replaced by utricular vess Is (see 
Sect. 14). Among the more complicated forms of tissue which occasionally enter into 
the composition of the fundamental tissue may be named true (compound) glands, or 
more frequently secretion-canals containing gum, resin, a volatile oil, or even latex, as 
in Altsma and Rhus. Of very common occurrence are, moreover, groups or layers of 
scleroblasts (especially in the cortex of many woody plants and the juicy flesh of pears), 
and layers, bundles, or bands of brown- walled sclerenchyma (in Pteris aquilina and Tree- 
ferns). Attention has already been called to the sclerenchyma of which the stone of 
stone-fruit (drupes) consists as a form of fundamental tissue ; the natural contrast to this 
is the pulp or flesh of berries and of many stone-fruits. 

Sf.ct. 18. The Secondary Increase in Thickness of Stems and Roots 1 . — 

During the period when the younger portions of stems and branches are still 
increasing in length, they are also increasing in girth, the primary mcristem 
becoming differentiated into other tissues which grow not only in the direction 
parallel to the axis of growth, but also in the radial and tangential directions. 
At an early period roots attain, immediately behind the growing point, the size which 
they retain until they have ceased growing in length. 

This increase in diameter of stems, which accompanies, or even for a 
short time outlasts, the growth in length, is frequently occasioned mainly by the 
tangential extension of the outer layers of tissue, while that of the pith does not 
keep pace with it. The pith will then split and the stem become hollow ; and 
this is often carried to such an extent that the substance of the cylinder itself 


1 Nageli, Ucber das Wachsthum des Stammcs u der Wurzcl, in Beitnigc zur wiss. Ilot. Leipzig 
1858, Ileft 1. — Sanio, Bot. Zeitg. 1S65, p. 165; etseq. — Millardet, Sur l’anatomic et lc developpement 
du corps ligneux dans les genres Yucca et Draccena , in Mem. de la*Societe Imper. des Sci. Nat. de 
Cherbourg, vol. XI, 1865. — On abnormal formations of wood in Dicotyledons see Criiger, Bot. 
Zeitg. 1850 and 185 1 . — Nageli, Dickenwaehsthum des Stengels u. s. w. bei den Sapindaceen. Munich 
1864. — Eichler, Ueber Menispermaccen, in Dcnksohrift der k. bayer. bot. Gesellschaft zu Regensburg, 
1864, vol. V. — Sanio, Bot. Zeitg. 1864, p. 193 et seq. — Askenasy, Botanische moiphologische 
Studien, Dissertation, Frankfort-a-M. 1872.— On the increase in thickness of roots see Van Tieghem, 
kcchtTches sur la xymetrie, &c., Ann. des Sci. Nat., 5th ser., vol. XIII. 
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becomes very thin. In this mode are produced the hollow stems of Equisetaceae, 
Grasses, many species of AUium , and many exogenous plants, such as Umbelliferae, 
JDipsacus , Taraxacum , See. Septate hollow stems have a diaphragm of firm tissue, 
traversed by fibro-vascular bundles, at the insertion of each leaf. 

In existing Cryptogams 1 and in most Monocotyledons the root and every 
part of the stem retain the diameter which they had attained during their growth 
in length ; even at a great age no further increase in thickness takes place. When, 
in these plants, the stems of older specimens greatly exceed in .diameter those of 
seedlings, this is a consequence of the circumstance that the apex of the stem which 
is enclosed within the leaf-bud increases in diameter as it lengthens, so that thicker 
parts of the stem are constantly emerging from the bud, until a stationary condition 
is at length reached, when the stem no longer increases in girth. When this occurs, 
as in Palms, Ferns, thick-stemmed Grasses, Aroidea?, & c., the stem may attain a very 
considerable thickness while still very young, in and below the bud, without having 
any power, at a later period, to increase further in size. In the same manner the 
roots, when they first emerge from the stem, arc thicker the higher they stand 
on it ; and in Pamlanus it would appear as if roots as thick as the arm were formed 
without any secondary increase in thickness. 

Very different processes are, on the other hand, the cause of the con- 
siderable diameters of the stems and roots of Gvmnosperms, Dicotyledons, and 
arborescent Liliacea\ After its growth in length is completed every part is 
slender, usually only a few millimetres in thickness, rarely so much as i or 2 
centimetres ; but in the course of months and years those parts become much 
thicker ; the stem of a seedling Cistus only 2 or 3 mm. in diameter may attain, 
after two or three months, a thickness of 2 or 3 cms. ; while in the case of the oak 
the increase from the same original thickness may amount to from 40 to 60 cms. 
Since the girth increases with the age of each section, the oldest, and therefore the 
lowermost sections of the erect stem are the broadest, the successive diameters 
decreasing gradually to the summit of the tree, as is well illustrated in the slender 
conical stem of pines. In them the stem of the mature plant is a cone standing 
on its base, while in Monocotyledons and Cryptogams the cone stands on its apex, 
as is well seen in the large climbing Aroideae. In Dicotyledons and Gymnospenns 
every part of the stem is at first slender, always becoming thicker at a later period ; 
in Monocotyledons and Cryptogams, on the contrary, every part retains the thick- 
ness which it had acquired at the close of its growth in length ; the increase 
in thickness of the entire stem takes place at the upper end from the growth of 
the bud. 

This increase in girth which commences only after the close of the growth of 
length of the organ, and which then generally lasts during the whole of its life, 
may be termed, in contradistinction to that arising from growth of the bud, the 
secondary increase in thickness. It is always the result of an inner layer of tissue 
remaining in a condition capable of division (merismatic), and continually producing 


1 In the Lycopodiacea? of the Carboniferous period Williamson has recently demonstrated 
a secondary increase in thickness,. An indication of this ib found in the stem of Iso'etes. (See 
hook JI.) 
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new layers concentrically ont on another. The mode in which the meristem itself 
is formed, and in which the secondary layers of tissue are produced from it, differs 
greatly according to the nature of the plant. The numerous special modes of 
increase in thickness may be classified under three types, viz . ; — 

1. Type of the Arborescent Liliaceae. The innermost primary cortical layer 
produces a meristem, in which new closed fibro-vascular bundles continue to arise, 
which anastomose into a network, while the tissue between the bundles developes as 
secondary fundamental tissue. 

2. Type of normal Gymnosperm9 and Dicotyledons. The vascular bundles of 
the stem are open and arranged in a ring ; the generating tissue which lies between 
the phlo£m and the xylem of each bundle is also continued through the medullary 
rays, i. c. those parts of the fundamental tissue which lie between any two adjoining 
bundles. Thus^arises a continuous ring of meristem, which, according to the old 
use of terms, and to distinguish it from the ring of meristem in the preceding type, 
is commonly trailed the Cambium-ring . While in the preceding type new vascular 
bundles arise only in the ring of meristem, the meristem- or cambium-ring in 
this type crosses the primary vascular bundles, which have their phloem lying 
on the outer side, their xylem on the inner side of the cambium. The increase 
in thickness consists in new secondary xylem being continually formed out of the 
cambium-ring on its inner side, new phlofc’in or secondary cortex on its outer 
side. 

3. The type of Roots (of Gymnosperms and Dicotyledons). In the axial fibro- 
vascular cylinder or plerome-bundle there lie, as has been mentioned, alternate 
groups of vessels (xylem) and phloem-bundles side by side; on the inner side of 
each of the latter arises a cambium-layer, which produces secondary xylem on its 
inner side, phloem on its outer side ; on the outer side of the primary groups of 
xylem meristem is also formed, which either produces only secondary funda- 
mental tissue, or combines with the cambium-layers already mentioned into a 
complete cambium-ring, out of which xylem is again formed on the inside, phloem 
on the outside. 

Further details may now be given regarding each of these three types, with 
an example ; the nomenclature of the more important deviations, especially for the 
second type, will be deferred till the end of this section. 

( 1 ) The Type of Arborescent Lilia car is represented in the genera Dracccna , Alelris 
( Calodracon), Yucca , Aloe, Lomaiophyllum , and Bcaucarnea \ Specimens of the old 
stems of thesSe plants are often found in botanical collections so decayed that within 
the thin layer of periderm the whole of the parenchymatous fundamental tissue has 
completely disappeared, while the fibro- vascular bundles are preserved entire. If 
one of these stems is split lengthwise, it is seen that completely isolated bundles 
run down the middle, as is the case in all Monocotyledons. Each bundle begins 
below at the periphery of the stem ; higher up, it bends towards the centre of 
the stem, and then again outwards, finally entering a leaf at its upper end. The 


1 A fourth type may be furnished by the mode of the increase in thickness in the primeval 
Lycopodiaceie {vide &upra)\ but scarcely anything certain is at present known about it. 
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course of these bundles necessitates that they must cross one another, and form 
a loose mass consisting of slender isolated strings, surrounded by a more or less 
thick layer of denser woody substance. This woody substance forms a cylinder 
which, in decayed stems, is altogether separated from the layer of periderm, and 
loosely enveloped by it. The isolated strings in the interior are the primary 
vascular bundles which have been formed during the growth in length (properly only 
their lower ends or Leaf-traces , since the upper ends bend outwards into the 
leaves). The woodv cylinder which envelopes them all consists, on the contrary, of 

secondary fibro-vascular bundles formed by 
the increase in thickness, which are closely 
crowded and anastomose copiously with 
one another both in the tangential and 
ra'dial directions, and thus form, accord- 
ing to circumstances, a more or less com- 
pact or spongy mass, the true nature of 
which it is easy to recognise in A lot' 
and Beauav nca. The course of develop- 
ment of these steins is as follows. The 
isolated fibro-vascular bundles (which in 
old specimens are found in the interior) 
are formed in the primary meristem of the 
apex of the stem, while the whole remaining 
tissue between them passes over into pri- 
mary fundamental tissue ; but after con- 
siderable time (in Aleiris fragrans it takes 
place about 4 or 5 crn., in Draacna reflexa 
as much as 17 to 20 cm. below the apex 
of the stem) a fresh formation of (second- 
ary) meristem begins in one of the cell- 
layers of the fundamental tissue which 
immediately surround the outermost fibro- 
vascular bundles. The permanent cells 
concerned in it divide repeatedly by tangen- 
tial and subsequently sometimes by radial 
walls ; and there arises (seen in transverse 
section) a ring of meristem (Fig. 1C >4, _v), 
the cells of which arc arranged in radial 
rows. I11 this meristem new fibro-vascular bundles are produced ; one, two, or more 
adjoining cells (on the transverse section) dividing repeatedly by longitudinal walls 
in various positions. Out of the procambium-bundles which arise in this manner 
the fibro-vascular bundles proceed immediately, the procambiurn-cells being trans- 
formed into fibro-vascular tissue 1 ; the intermediate meristem passes over likewise 



1*1' . i'»t Part of the tr.msvcr.c section of .1 stem of Pta- 
twna (probably tf/lexa) about » j mm. tlui h un<l 1 metre hitfh, 
about vo un below the summit, r epidermis; k cork (peri- 
derm) ; r cortical portion of the ftindamrnt.il lissiit* ; b transverse 
section of a fibro-vascular bundle, lmiiditm out to a leal , m the 
primary fundamental tissue (pith); g the primary vascular 
bundles; t the nnjj of meristem in winch very youiitf fibro- 
vascular bundles are to lm seen, while the oldtr ones g have 
already partially or entirely passed out of it, its lower part 
hi coming transformed into fundntm ntal tissue At arranged 
in radial row s 


1 It appears*, however, that the thick-walled lignified cells on the outside of such a bundle 
do not belong to it, but to the secondary fundamental tissue, and therefore represent only a 
sclerenchymatous bundle-sheath, while the bundles enveloped by them are themselves very slender. 
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into permanent tissue, and indeed into thick- walled parenchyma, which now forms 
the secondary fundamental tissue between the secondary fibro-vascular bundles. 
Since the cells of the thickening-ring which face inwards pass over in centrifugal 
succession into permanent tissue, while the outermost divide repeatedly, the whole 
ring continually moves centrifugally as it increases in diameter, and leaves behind 
new bundles and parenchymatous cells. In Yucca Millardet found the origin of 
the ring of meristem (thickening-ring) as little as 3 mm. below the apex of the 
stem ; in Calodracon ( Cordyline ) Jacquini , the meristem-ring is derived immediately, 
according to N&geli, from the primary meristem of the apex of the stem, this layer 
remaining in a condition capable of 

division while the primary vascular bun- B A 

dies and fundamental tissue are being 
differentiated out of the primary meri- 
stem. 

(2) The Type of normal Gymnospcrms 
and Dicotyledons may be made clear by 
a reference to Fig. 105, which— with 
the exceptions of a few points of sub- 
ordinate importance, such as the substi- 
tution of six fibro-vascular bundles for 
eight — represents in a simple diagram- 
matic manner the phenomena connected 
with the growth in thickness of the 
hypocotyledonary portion of the stem 
(tigcllum) of Ricinus communis. We 
may commence with the period when, in 
thr' seedling stem, the fibro-vascular bun- 
dles — which are prolongations down- 
wards of those bundles which bend out- 
wards above into the first leaves or 
cotyledons — have become clearly differ- 
entiated. They lie, when seen in trans- 
verse section (Fig. 105 A) f in a ring, and 
run parallel to one another and to the 
surface of the stem. The ring of fibro- 

vascular bundles divides the nrirmrv ,T,r ” u^.-Dia^rammatic representation or the secondary increase 
UUIIUICS UlViUCS Uie primary in thickness of a nonoaldkotylrtonouK stem. 

fundamental tissue into pith (M) and 

cortex ( 7 ?), which, however, still retain their connection by broad bands of funda- 
mental tissue lying between the bundles, the Medullary Rays. Each of the bundles 
consists of an outer phlodm-portion (f>) and an inner xylem-portion (jr), between 
which lies a layer of cambium. The next change consists in the bands of cam- 
bium belonging to the bundles uniting into a continuous ring (Fig. 105, B) y 
meristem being formed between each pair of adjacent bundles by divisions in 
the corresponding layer of the medullary rays, as is more exactly shown in Fig. 93 
(p. 112), which relates to this stage of development. Although there is no essential 
difference between this portion of the cambium-ring and that which lies in the 
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bundles themselves, they may conveniently be distinguished, the latter as Fascicular 
Cambium (B f fc\ the former as Interfascicular Cambium ( 2 ?, ic). It may further 
be mentioned that three small groups of bast-fibres b b b lie in the phloSm-portion 
of each bundle. 

The activity of the whole continuous cambium-ring now commences. The 
ring consists of rows of cells arranged radially; in each of these rows the cells which 
lie on the inner side are the origin of the secondary xylem, those which lie on the 
outer side of the secondary phloem ; while a middle layer of the cambial cells always 
remains capable of division, and thus maintains the continued formation of secondary 
xylem and phloem. In this manner the seedling stem increases considerably, in 
the course of a few weeks, both in diameter and rigidity, in consequence of the 
formation of a cylinder of secondary wood (xylem) surrounded by a layer of 
secondary cortex (phloihn), understanding by the latter term all the layers of phloem 
developed out of the cambium-ring. Fig. 105, C is the transverse section of the 
tigellum of the seedling plant which has already increased considerably in thick- 
ness; by the deposition of secondary phloefm, the primary phloem (2?) has been 
compelled to grow tangentially ; its cells, as well as those of the epidermis, 
stretch iA that direction, and become divided by radial longitudinal walls. At 
this time it is still possible to refer back the various parts of the secondary 
tissue to their origin ; the original xylem-portions of the bundles (x), which 
were developed before the increase in thickness, can still be recognised; they 
appear as projections of the woody substance into the pith, and are collectively 
comprised under the term Medullary Sheath x x x. It is somewhat more difficult 
to make out the original phloem-portions of the bundles ; but wc are assisted by the 
position of the groups of true bast-fibres b b b already mentioned ; they still remain 
unchanged, but are pushed much further asunder, because the intermediate soft bast 
has extended in the tangential direction, in consequence of the pressure of the 
secondary tissue from within. The radial diameter of each phloem-portion p 
has also increased, secondary layers, formed out of the fascicular cambium, having 
been added to the primary phlodm from within. The primary xylem-portion x 
of each bundle is separated from its phloem-portion p by a thick layer of 
secondary xylem fh, which has been developed from the fascicular cambium. 
These portions may be distinguished as Fascicular Xylem from the Interfascicular 
Xyhm (Fig. 105, C, ifh) formed out of the interfascicular cambium ; a layer of Inter- 
fascicular Phloem ifp on the outside corresponds to each of these latter. The entire 
mass of secondary xylem consists therefore of fascicular and interfascicular xylem, 
the entire mass of secondary phloem similarly of fascicular and interfascicular 
portions. The primary xylem is wanting on the inner or medullary side of the 
interfascicular xylem, the primary phloem in the interfascicular phloem. 

With reference to the elementary constituents of the secondary or thickening- 
tissues, it is first to be noted that in this respect the fascicular and interfascicular 
formations are alike. The whole mass of secondary xylem, w f ith the exception 
of the medullary rays or * silver- grain/ consists, in Conifers of irachcYdcs with bor- 
dered pits (Fig. 23, p. 25); in Dicotyledons of wood-proscnchyma, wood-parenchyma, 
and pitted vessels formed from short cells. In the secondary xylem no annular, 
spiral, or reticulated vessels are formed ; these arise only in the original xylem-portions 
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of the bundles, and are therefore subsequently found only in the medullary sheath (in 
Gymnosperms also); and since these were formed during the growth in length, 
they are considerably longer than the secondary elements. The secondary phlo£m 
consists of phloem-parenchyma, sieve-tubes, and sometimes of true bast-fibres ; 
but the latter are often wanting. The mode in which these elements combine to 
form the secondary tissues varies greatly in different plants, and is, at present, of 
subordinate importance. 

The elements of the secondary xylem of which we have now spoken, as well as 
those of the secondary phloem, arc, like those of the primary xylem and phlo&’m, 
elongated in the direction of the axis of growth. But elements also occur in the 
thickening tissue placed horizontally (/. e. at right angles to the axis of growth) and 
radially, out of which the radiate tissue is composed. In Fig. 105, C (p. 129) the 
secondary xylem and phlcfc'm arc represented as crossed in a radial direction by dark 
lines, some of which pass through all the secondary layers, while others begin only 
in the secondary xylem and end in the secondary phloSm ; the former are first formed, 
the latter subsequently, and constantly in increasing numbers. Each of these dark 
lines in the figure represents a ray of parenchymatous cells placed horizontally; each 
of the rays runs, as will be seen, uninterruptedly from the xylem through the cambium 
into the secondary phloem ; as long as it runs through the xylem it is called a 
Xylem- ray l ; its continuation into the secondary cortex is a Phloem-ray . These rays 
split up, as it were, the secondary tissue in the longitudinal and radial directions into 
sections which have a wedge-shaped form when cut through horizontally, and which 
increase in number as the cambium-ring increases in size. Each separate ray does 
not, however, by any means extend through the whole length (in the direction of 
growth)* of the secondary tissue; but has generally only an inconsiderable height. 
If a thick stem is split longitudinally, the rays have the appearance, in many close 
woods, of glistening bands (the * Silver-grain ’), traversing the prosenchymatous 
woody tissue in a radial direction ; in a tangential section they have the appearance 
of wedges driven into the mass of the wood. Each ray is sharp-edged above and 
below (/. e. in the direction of the axis of growth), thin, but usually thickened 
in the middle (in reference to its height), and sometimes composed of a number 
of layers of cells, as is shown in Fig. 97, p. 117. This and the position of the 
rays causes the elements of the secondary xylem and phloem which are elongated 
longitudinally to be more or less bent in different directions. If the rays were 
imagined to be altogether removed, the entire thickening-tissue would then consist of 
bundles penetrated by empty meshes, and anastomosing tangentially above and 
below them. A very good idea of this structure may be obtained by examining a 
piece of ordinary lime-bast, or stems, such as the cabbage, in which the soft 
medullary rays have decayed. 

Just as the elements of the secondary xylem and phlofc’m which are elongated 


1 The term Medullary Ray should be avoided in reference to these ; since most of the rays arc 
neither connected with the pith, nor have any of its properties. [It is difficult however to substitute 
any other expression, although the term is used in a somewhat conventional sense. It is convenient 
to distinguish as Primary Medullary Rays those which arc connected with the pith, and as Secondary 
Medullary Rays those which only commence in the secondary xylem.] 
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longitudinally are formed out of longitudinally elongated cambial cells, so the rays 
are formed out of cambial cells lying in rows and elongated in the radial direction. 
In the xylem the cells of the rays are usually lignificd, and sometimes have very 
hard walls, as in the copper-beech, where they alone remain after the decay of the 
wood, and then have completely the appearance of constituents of the wood. At 
other times they continue thin-walled, unlignified, and different from the true 
woody tissue. The phlogm-rays are usually thin-walled, parenchymatous, and at 
their outer end, where they pass through the primary phlo£m, they are frequently 
compelled, by the increase in size of the stem, to extend tangentially, when they 
become divided by radial longitudinal walls ; the phloCm-bundles which lie between 
them becoming thus pushed further and further apart (Fig. 105, C). 

All the most essential points have now been spoken of in reference to the theory 
of the increase in thickness of the stems of Gymnosperms and Dicotyledons. But 
the formation of secondary xylem and phlot’m from the cambium, which wc have 
at present followed only in the early period of growth, continues, in perennial 
plants, throughout their whole growth ; the wood and the secondary phloem are 
therefore constantly increasing in thickness ; but the increase of the xylem is 
generally considerably greater than that of the phloSm. At an earlier or later period 
in the thickening of the stem periderm is formed in the primary cortex, which 
sometinu s, as in the beech, copper-beech, birch, and cork-oak, follows the increase 
in size of the stem, and surrounds it as a continuous envelope of cork. But usually 
Bark is formed ; i. e. lamellae of cork cut out flakes of the primary, and subse- 
quently also of the secondary phloem, which then dry up, and, accumulating on the 
surface, as in the pine, oak, &c., form the bark, or fall off periodically, as in the 
plane. The whole of the primary cortex (phloem) is then replaced by bark ; with 
the exception of the pith and medullary sheath, the stem consists then entirely of 
masses of secondary tissue which have all originated in the cambium ; but even of 
the secondary phloem only the inner younger layer usually retains its vitality, the 
outer layers uniting sooner or later, in the production of bark. 

In tropical woody plants when several years old, the additions to the wood 
formed in each successive year are not generally distinguishable on a transverse 
or longitudinal section ; the entire mass of the wood is homogeneous. In woody 
plants, on the contrary, that grow in a climate in which the periods of growth 
are interrupted by a cold or wet season, as is the case with us, the annual additions 
to the wood may be recognised as sharply separated concentric layers, known as 
Annual Rings. Their sharp separation from one another is caused by the Vernal 
Wood being of a looser texture than the 'Autumnal Wood. Every annual ring 
consists, therefore, on the inside of looser, on the outside of denser wood which 
pass into one another insensibly without any sharp line of demarcation; while, 
on the contrary, the dense autumnal wood of the preceding ring is very sharply 
separated from the looser vernal wood of the succeeding ring. In Coniferae the 
distinction between the looser vernal and the denser autumnal wood consists only 
in the trachcVdes of the former having larger transverse diameters, while in the 
later wood, and especially that formed at the end of the period of growth, they 
are narrower. The same mass of vernal wood includes therefore a larger amount 
of cell-cavity, and is consequently looser, than the autumnal wood. The walls 
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of the later-formed wood-cells being thicker tends to the same result. In Dico- 
tyledons, in addition to this difference, the vernal wood contains a larger number 
of large pitted vessels than that formed in the autumn, where, indeed, they may be 
altogether wanting. 

The cause of the formation of annual rings lies, as I was the first to suggest, 
and as has been proved experimentally by de Vries, in the pressure, changing with 
the time of year, which the cortex, and especially the bark, exercises on the 
cambium and the young wood. This will be shown more in detail in Book III. 
Sect. 16. 

In most woods, but not all, whether the annual rings are conspicuous or not, 
there is a distinction, when the stem has attained a sufficient thickness, between the 
so-called Duramen and Alburnum. The Duramen consists of the older and inner 
layers of wood, and is of a dark-brown, yellow, red, or even black colour, and of a 
firmer harder texture ; the Alburnum , consisting of the last annual additions, forms 
a light-coloured or white, softer and more spongy tissue round this nucleus. The 
inner layers of alburnum are gradually transformed into duramen, the cambium 
depositing new layers of wood on the outside, and the cell-walls assuming a darker 
colour, from saturation with resin, colouring substances, &c. The distinction 
between alburnum and duramen is very clear and well-marked in the oak, walnut, 
cherry, elm, ‘acacia' ( Robinia Pseud- Acacia), lignum-vitse ( Guaiacum officinale), log- 
wood (llccmaloxylon campechianum ), brazil-wood ( Ccrsalpmia echinata), &c. On the 
other hand no duramen is found in the silver fir, Scotch fir, lime, or Padwmia 
imperials, See. 

(3) The Secondary Increase in Thickness of Roots in Gymnosperms and Dicoty- 
ledons differs from that which takes place in the stem only in the first production of 
the cambium-ring; and this difference consists merely in the fact that in roots 
the phloem does not lie outside the xylem-bundlfcs (in the radial direction), but is 
disposed alternately with it on the periphery of the axial fibro-vascular cylinder. 
When the cambium is once formed, it behaves in precisely the same manner as 
it does in the stem. 

We may first investigate the process in a root which is from the first moder- 
ately thick, and has a true pith enclosed within its axial fibro-vascular cylinder 
or plerome, as in many primary roots, at least in their upper thicker portion. 
Fig. 106 represents a transverse section through the upper part of a root of the 
scarlet-runner {Phaseolus inultiflorus) at the time when the cambium has been formed 
and has commenced its work ; j is the plerome- or bundle-sheath belonging to the 
fundamental tissue, which immediately encloses the pericambium or outermost layer 
of the plerome p c. Within this may be observed the four primary xylem-bundles, 
consisting of vessels of which the oldest and smallest p lie on the outside, while the 
younger and larger g g are next to the pith M . In the interval between each 
pair of xylem-bundles lies a broad phloem-bundle b^ b , with true bast-fibres. 
The parts now described have been formed during the growth in length; this 
has however, at the time when the section was taken, ceased for three or four 
days in this part of the root and increase in thickness has taken its place. The 
cells lying on the inner side of each phloSm-bundle first divide repeatedly by 
tangential longitudinal walls ; a layer of cambium ( c ) is thus formed behind each 
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phlo&’m-bundle, consisting of radial rows of cells. Some of the innermost cambial 
cells g' g f have already enlarged considerably, to form the first vessels of the secondary 
xylem; these are arranged, in Phaseolu$ y in an annular zone continuous with the 
inner youngest vessels of the primary xylem-bundles, a structure which is seen 
nowhere else. Between and in front of these vessels other cambial cells develope 
into prosenchymatous and parenchymatous wood-cells. Since therefore the cam- 
bium-layer behind each phlofc’m-bundle is continually producing vessels, wood-paren- 
chyma, and wood-prosenchyma on its inner side, a four-rayed cross of woody tissue 
is formed, as is shown in Fig. 107 (less strongly magnified). The four arms of this 
cross correspond in their position — as will be seen from what has been said, and 
from a comparison with Fig. 106 — to the four primary phloem bundles b, b } b , b. 



Fig. 106. -—Transverse section of the primary root of n .seedling' of Pfiau'o(u\ muhifio > u \ , from the upper thicker 
part, at the time when the first leaves of the seedling have emerged above the ground ancl the first hiter.il roots have 
already been formed. (The pcricambium fc has been drawn too thick-walled.) 


On the outer side of each cambium-laycr, but within the primary phloSm, a zone of 
new true bast-fibres (Fig. 107 b') has already been formed in the secondary phlofc’m. 
Between the four arms of the secondary xylem and secondary phloem belonging 
lo it. lie four broad rays of tissue, consisting of large parenchymatous cells elongated 
in the horizontal and radial directions. These four bands lie on the same radii as 
the four primary xylem-bundles (Fig. 106, />); in front of each of these latter a 
meristem-layer has been formed, which however has not produced xylem and 
phloem like the cambium behind the phlo6'm-bundIes, but only radiate parenchyma 
to the extent required by the growth of the adjacent masses of secondary xylem 
and phloem. Fig. 107 further shows the tissue which surrounds the primary and 
secondary phloem in the act of division ) radial rows of cells have been produced 
here also, and form a layer of cork or periderm k on the outside of the cortex. 
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Precisely similar to the growth in thickness in Pkaseolus is that of the primary 
roots containing pith ' of seedlings of Cucurbila Pepo , Convolvulus tricolor , Cereus , 
Clusia , &c. ; only that in these cases the secondary xylem does not coalesce with 
the primary xylem, but remains quite distinct, so that the alternation of the primary 
and secondary elements of the xylem is at once evident l . In slender roots which 
have no pith, and where the primary xylem-bundles meet in the centre, cambium 
is also formed on the inner side of the primary phloSm, and the secondary fibro- 
vascular masses form, therefore, in this case also two, three, or more groups, 
which originate in the intervals between the primary xylem-bundles, as is very 
clearly seen in Tropccolum , but project much further outwardly. When there are two 
of these primary xylem-bundles, as in Bela , Tropccolum , Taxus , and Umbelliferae, 
they form a vasqular band dividing the axial cylinder in half ; when three or more, 
as in Pisum ) a three- or four-rayed star. 

In the cases hitherto considered, the secondary fibro-vascular tissues (consisting 
of xylem and the phlotfin belonging to it) remain separated into two, three, four, 
or more masses, nothing but parenchymatous fun- 
damental tissue being formed between them and 
in front of the primary xylem, as in Phaseolus. In 
other cases, on the contrary, true cambium is formed 
in front of the primary xylem, producing xylem on 
ihe inside, phloem on the outside ; and thus is 
formed a compact cylinder of secondary xylem, 
surrounded by a continuous layer of secondary 
phloGm, as in Taxus , P intis, Bela , &c., and as is 
shown, in the case of the stem, in Fig. 105. 

The secondary xylem of roots very frequently 
consists for the most part of succulent wood- 
parenchyma, in which the few vessels, surrounded 
l>y a few lignified cells, are collected into isolated 
groups. This occurs especially in the cultivated 
beet- root, the cultivated carrot, and in A l theca officinalis , Rheum rhaponlicum , Atropa 
Belladonna , Cocculus pal mat us , Inula Hclenium , &c. The secondary phloem of roots 
also has a tendency towards an abundant formation of parenchyma, with a diminished 
development of bast. The secondary tissues of roots so completely resemble, on the 
other hand, those of stems in the formation of xylem- and phlod'm-rays (medullary 
rays) and in other respects, that it is not always possible, especially when the 
wood of the root is not strongly lignified, to distinguish it from the wood of the 
stem without examining the central axis, when its real nature • may always be 
determined from the primary xylem-bundles and the occasional absence of the 
pith. 

From the great numbers of species belonging to tile classes Gymnosperms and 
Dicotyledons, and from their extremely different adaptations to various vital conditions, 
it is not surprising that in the processes connected with the increase in size of the 
stem there should be a great variety of deviations from the normal types described 



Fit.. 107.— Transverse section of the upper 
part of the primary root of an older plant of 
l' ha \rohts multi/torm ; b l> b b primary phloem- 
bundles ; t> b' bast -fibres in the secondary phlol'm ; 
/ pcriciiinbium. 


1 Very instructive figures of this are given by Van Ticghem. l,e. 
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above. An exhaustive description of these deviations 1 would far exceed our space, 
and would lead us to great difficulties, since there is at present no portion of the 
field of botany so un worked as the anatomy of plants properly so called. What 
follows will only serve to direct the attention of the student to some of the most 
striking deviations from the processes described under the head of the second type, to 
which some reference will again be made at the conclusion of the account of the 
structure of Dicotyledons in Book II. 

(a) The variation is only slight when the increase in thickness is not uniformly con- 
centric, but is altogether suspended on one side, as in the roots of Polygala Senega , or 
is much stronger on one side than elsewhere, as in the root of Ononis spinosa and in 
many stems. 

(b) The cambium is sometimes formed only in the fibro- vascular bundles, which in 
consequence alone produce secondary xylem and phloem, while the bridging over of the 
medullary rays by cambium does not take place, and interfascicular secondary fibro- 
vascular masses are therefore not formed. The fundamental parenchyma which lies 
between the bundles increases like them slowly in thickness by the extension of its 
cells and their occasional division, as for example in the stem of Cucurbita , where 
the bundles arc also singular in possessing a layer of phloem on the inside of the 
xylem, a peculiarity belonging also to Solanaceae and Apocynaceae. But in old stems 

‘ this ends in an over-bridging of the medullary rays by mcristem. 

(c) The^processes deviate much more widely from the normal type in those cases 
where the activity of the original cambium soon ceases, and new bundles are produced 
out of a mcristem in the surrounding cortex; these bundles first increasing in thickness 
by cambium, but then ceasing to grow, when a new ring of bundles is formed in a new 
mcristem ; so that at length the wood consists, not of a compact mass, but of concentric 
layers of isolated fibro- vascular bundles. This process presents a certain resemblance 
to what takes place in the Aloineac (Type 1). The rather frequent instances of this 
mode may, according to Niigcli and Eichler, be classified into two groups, according as 
the ring of meristem which produces the new bundles is formed in the primary or 
secondary phloem. 

Each successive ring of bundles originates in the primary cortex in Gnetum (Gymno- 
sperms), in Menispermaceae, and in Rfyncbosia scandens among Leguminosae. Each of 
the secondary bundles has on its outer side a border of phloem, which in Gnetum even 
lor ms true bast. 

The new rings of fibro-vascular bundles originate successively in the secondary 
cortex, according to Eichler in Dilieniacesr, many Leguminosa! (t.g. Baubinia, Caulo - 
tretus ), some Polygalaceae (Securidaca and Comesperma ), Ampelidea* (Cissus according to 
Criiger), and Phytolaccaceae. 

(d) ‘The stem of Malpighiaceae and Bignoniaceac ’ (Eichler l.c.) ‘at a later period 
often agrees so far with the foregoing, that the wood appears as if broken up by 
layers of a parenchyma resembling cortical tissue into a number of isolated portions, 
of which only the outer ones are mcrismatic. 7 'he history of development is, 
however, quite different. It does not consist, as in the previous cases, of an actual 
new formation of vascular bundles outside those already in existence, but in a subse- 
quent vigorous cell-multiplication within the medullary rays and the layers of wood- 
parenchyma which intersect the fibro-vascular bundles. All the portions of wood 
which are by this means more or less driven apart and displaced are theiefore only 
portions of the primary ring of fibro-vascular bundles ; it is obvious that only the outer 
ones are capable of increase, since cambium is found in them only.’ The wood 
however does not always break up longitudinally into pieces that arc actually separated ; 
sometimes it is only, as seen on transverse section, divided into lobes, or shows deep 
indentations, which appear from without as deep furrows, running usually in a spiral 

1 [Oliver has collected the bibliography of the stem in Dicotyledons in the Nat. Ilist. Review 
1862, pp. 298-329, and 1863, pp. 251-258.] 
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direction. These lobes, separated by radial lamellae of tissue resembling cortex, 
may again be divided in the same manner into smaller lobes; as occurs in some 
Malpighiacete like Heteropteryj and BannisterUt , In some species of Bignonia the wood, 
as seen in transverse section, forms a four-armed cross, the arms of which are 
separated by very broad soft masses of tissue resembling medullary rays, which pass 
outwards into the cortex surrounding the stem (see Fig, 107). In this order Tecoma 
radicans has also the peculiarity, noticed by Sanio, that a new ring of wood is 
formed in the pith, altogether separated from the medullary sheath of the ordinary 
ring ; this new ring has on its inner side a secondary layer of phloem, and is increased 
by cambium, 

(e) Some of the most peculiar modes in which the wood is formed are found in many 
climbing Sapindaceae. The abnormalities here described are, in fact, met with chiefly 
among lianes, i.e. woody climbing and twining plants growing in tropical forests; 
although there aj;e typical liane-stems which do not climb. In the abnormal Sapindaceae, 
especially the genus Serjania y a transverse section shows three, four, five, or more portions 
of wood completely separated from one another, of which the central one is usually 
much the most strongly developed. Each of these masses of wood presents the 
structure of a normal dicotyledonous stem ; medullary rays proceed from its central pith 
towards its circumference ; each is surrounded by a narrow secondary cortex, by which 
they are, however, united into a whole. Looked at from without, the more slender 
outer portions of wood have the appearance of cushions, which project below out of 
the central larger one, and coalesce again with it above. The separate masses, which 
on a transverse section seems to be completely independent, are therefore only pro- 
jections or outgrowths of the originally homogenous stem. According to Niigeli this 
abnormality is caused, at the very origin of the fibro- vascular bundles, by their not 
being arranged in a ring, so that a single cambium-ring cannot unite them all l . 

(f) In the cases hitherto described the deviation from the typical processes is 
caused essentially by abnormalities in the origin of the cambium-ring, or by its sub- 
sequent behaviour, or finally by repeated fresh formation of fibro- vascular bundles in a 
secondary mcristem. The case is different in Piperaceae, Begoniaceac, Nyctagineae, and 
Amaranthaccae. An abnormality is here brought about at a very early period in the 
growth of length of the stem, of such a nature that, in addition to the lcaf-trace-bundles 
which bend above into the leaves, vascular bundles also arise in the stem which do 
not pass out into the leaves, i.e. ‘cauline bundles* On a transverse section even 
of a very young internode a number of fibro-vascular bundles are seen dispersed 
through the fundamental tissue; and the alternative now presents itself whether the 
leaf-trace- or the cauline bundles shall be united by cambium and hence become 
thicker, or whether the formation of cambium shall be altogether suppressed. Sanio 
states that the latter occurs among Piperaceae, in the genus Peperomia , where the leaf- 
trace-bundles which constitute an outer circle are not united by a ring of cambium, 
any more than the inner ones which do not bend out into the leaves. In Chavica , 
on the contrary, this takes place in the outer ring of leaf-trace-bundles, while in the 
pith which is enclosed by them the cauline bundles remain isolated and without any 
secondary increase in thickness. The structure is the same in Begoniaceac. .That of 
Nyctagineac, on the contrary, to a certain extent varies from this; the thick leaf- 
tracc-bundles, ascending through the middle of the fundamental tissue, remain isolated, 
while a wider outer ring of cauline bundles forms a ring of wood by the activity of its 
cambium. 

Sect. 19. The Primary Meriatem and the Apical Cell 2 . — At the growing 
ends of shoots, leaves, and roots, the forms of tissue hitherto described do not 

1 Nageli (/. c.) describes the very complicated processes more fully. 

* Nageli, Die neueren Algensysteme. Neuenburg 1847. — Cramer in Pflanzcnphysiol. Unter- 
suchungen, Heft III. p. 21. Zurich. — Pringsheim, Jahrb. fur wissen. Bot. vol. . 111 . p. 484. — Kny, 
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last is again immediately broken up by a septum (//", IP) into two disc-shaped 
cells, and in each of these numerous small cells arise by the formation of vertical 
and afterwards horizontal walls (as may be seen in the figure further back from 
the apex); and it is easily seen how the whole branch is built up of portions 
of tissue, each of which originated from a single segment. The same takes place 



nr, 109.— Apical region of a sh >ot of Metxgma fkirtafa 111 the art of bifurcation, looked at fioni the mu face (after Kny), 

Tin* shoot*, consist of a single layer of cells (/'/'), which is however pc not rated by .1 mid-rib n n\ three to six layers in 
thu-kness. 

in the lateral branchlets .r, r, which in this case arise originally from lateral 
protuberances of the apical cell. These processes are remarkably clearly seen 
in Siypocaulm , in the first place because only one row of segments is formed 
lying one over another, and in the second place because the segments themselves 
are transformed into portions of tissue without at the same time growing, as is 



n<; no.— Thagraimnatic representation of the segmentation of the apical cell, ami of the first divisions in the segment of 
Mctxxena fUntita (after Kny). A apex seen from the surface; />’ the same in vertical longitudinal section; L an apex in the 
act of bifurcation ; a new apical cell is formed in the third-youngesl segment. 

usually the case. Distortions often occur from the growth of the segments, which 
render difficult an investigation of the processes of division. 

Figs. 109 and no show us a case in which the apical cell is divided alternately 
right and left by oblique walls, so as to produce two rows of segments attached 
to one another in a zigzag manner within and behind, but separated to some 
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distance in front; in the angle which the two youngest segments enclose lies 
the apical cell s. Fig. 109 shows the end of a shoot of Metzgeria furcata in 
the act of bifurcation; each fork ends in an apical cell s\ the segments and 
the masses of tissue which are formed from them are drawn just as they appear 
to the eye under the microscope on a superficial view of the flat ribbon-shaped 
shoot. From the course of the cell-walls and the resulting grouping of cells 
round the apical cell, the diagram Fig. no, A is deduced, in which the dis- 
tortions of the cell-walls occasioned by growth are neglected, and hence the 
genetic relationships represented more clearly. For further elucidation Fig. no, B 
is added, which also represents diagrammatically the longitudinal section of 
the apical region, at right angles to the broad surface of the ribbon-shaped 
shoot. This longitudinal section bisects, behind the apical cell, the mid-rib 
(Fig. 109, n f ri ), which consists of several layers of cells, while the lateral ex- 
pansions of the shoot are only one layer in thickness. The origin of the tissue 
is now clear from the diagrammatic Fig. no, A and B , if it is observed in the 
first place that the portions of the surface indicated by m, n , 0 , />, and q arc the 
segments of the apical cell s which were formed successively in the same order, 
so that m represents the oldest, q the youngest segment. From each segment a 
small piece is first cut off behind by a wall oblique to the axis of the shoot; 
from the zigzag row of these posterior sections arises the mid-rib of the shoot, which 
attains a thickness of several layers of cells, each division first of all splitting 
up by a wall parallel to the surface of the shoot into two cells lying one over 
another, and each of these cells on its part again dividing in the same manner. 
Divisions at right angles to the surface of the shoot (Fig. no, B) are then also 
formed in the uppermost and undermost of the cells produced in this way; an 
outer small-celled layer is formed on the mid-rib covering its upper and under 
side, and surrounding an inner bundle which consists of longer cells. While 
the posterior sections of the segment produce the tissue of the mid-rib, the tissue 
of the flat lateral portion (Fig. logoff) proceeds from the anterior sections which 
face the margin of the shoot ; and this tissue is only one cell-layer in thickness, 
no division taking place in it parallel to the surface of the shoot. All the divisions 
in these marginal sections of the segment are, on the contrary, at right angles to 
the surface, and are produced by the marginal section first of all breaking up 
into two cells lying side by side (see Fig. no, A , 0 ), each of which then forms 
several shorter cells by repeated bi-partition, and these may again undergo further 
division according to the activity of the growth. In general the first divisions 
only of the segment are constant; the further course of cell-multiplication is, 
according to the minute investigations of Kny, subject to many deviations. Since 
the tissue produced from the marginal sections becomes prominent during growth, 
it results that the apical cell, with the youngest segments, lies in a depression of 
the margin of the shoot; and we have here a simple example of the depression 
of the growing point in the tissue which grows more luxuriantly around it, such 
as often occurs to a much greater extent in Fucaceae, Ferns, and Phanerogams. 
The differentiation of the tissue of the shoot of Metzger i a furcata does not 
attain a high degree; the cells of the margin and of the mid rib, when mature, 
differ only slightly from one another; but this differentiation is brought about 
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very early, even in the first division of the segment, so that the marginal tissue 
and the youngest extremity of the mid-rib can be traced close up to the apical 
cell. Fig. no, C, finally, affords an opportunity of learning the mode of formation 
of a new apical cell out of a cell of the meristem, a case which occurs often enough 
in Muscinese and the higher Cryptogams. While the thallome of Stypocaulott 
(Fig. ioS) shows how the apical cell of the lateral shoot grows immediately from 
that of the principal shoot as a lateral protuberance, which is then cut off by a 
wall, in Afctzgeria furcata y as is shown by the researches of Hofmeister, Kny, 
and M flller, it appears that the origin of a new apical cell may be brought about 
in a different manner. Fig. 1 1 o, C shows the case described by Kny ; in the 
third-youngest segment o , which is formed from the apical cell s , the customary 
separation into a mid-rib-cell and a margin-cell has first taken place; the latter 
then divides, as usual, into two cells lying side by side ; but the new apical cell is 
constituted by the appearance of a curved wall in one of these margin-cells of 
the second order ; and this wall intersects the dividing wall of the margin-cell 
previously formed, thus cutting out a wedge-shaped piece z, which assumes at 
once the function of the apical cell of a now shoot 1 . 

In Equiletaceae and many Ferns, the axis of the shoot terminates in a 
comparatively very large apical cell, which is bounded by four walls — an outer one, 
overarching the apex and spherically triangular, and three converging obliquely 
below and within, which form at the same time the upper principal walls of the 
youngest segments (Fig. in, A , J))\ the apical cell has hence the form of a 
segment of a sphere, or of a three-sided pyramid with its spherical base upper- 
most. The three plane principal walls of the apical cell are of different ages. 
The next division-wall arises in the apical cell, and is parallel to the oldest wall ; 
a segment is formed bounded by two triangular principal walls, an arched outer 
wall, and two nearly oblong side-walls 2 ; after the apical cell has again grown to 
its original size, a second division follows parallel to the next-younger principal 
wall, which is followed again, after fresh renewal of the apical cell, by a division 
parallel to the youngest principal wall. Three segments are now formed, placed 
somewhat like the steps of a winding staircase ; each is in contact with a principal 
wall of the apical cell; and in this manner the divisions are repeated; and since 
each segment takes in a third of a circuit of the winding staircase, the segments 
out of which the stem is built up all lie in three rows parallel to the axis, 
each embracing a third of the diameter of the stem. In Fig. in, B and C, the 
segments are numbered /, JJ , ///, &c., according to the order of their formation, 
and are represented as they appear when the apex of the stem is seen from above 
(not in transverse section), or as if the arched surface of the apex were spread 
out flat. If the segments are followed according to the order of their numbering, 
the path described is an ascending spiral, because each segment lies higher than 
the older ones, as is shown in Fig. in, I ) , where, however, only two rows of 


1 We shall recur, in Chap. Ill, to this case of spurious dichotomy. 

* These side-walla are pieces of the piincipal walls of the adjoining segments, as is seen 
in If and C. 
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segments are to be seen from without. The formation of tissue begins by each 
segment dividing into two, soon after its production, by a partition parallel to the 
principal walls; the new half-segments are indicated in 2 ?, C, and D by 1, 1. Since 
in each of these two half-segments the further processes are almost exactly the same, it 
is necessary to keep in view only one of them. Each half-segment becomes divided 
first of all by a curved vertical wall, which meets internally a side-wall, externally the 
outer wall of the segment at its middle (Fig. in, E ). Since three segments com- 
pose a transverse section of the stem, and each half-segment divides into two cells, the 



Fir., in.— Apical region of the stem of an Fquisettint : A longitudinal section of an underground very strong bud of 
l Minimum, in September (x 19 ') t B view of the apex fiom above (both from nature) ; C, 7 >, F the same of /;. anvnse (after 
Cr.uner). C diagrammatic ground-plan of the apical cell and of the ynungdfct segment; /> external view of the apex of 
.1 slender stem: F transverse section through this at />, /; S is in all cases the apical coll, /, //, III, &c. the segments; 
i. a, 1. &c. the division-walls in the segments in the order of their formation ; x,y, b , b\ in A the first rudiments of leaves. 


section of the stem now appears as if composed of six cells or sextants, whose walls 
are placed nearly radially, forming a six-rayed star, as is shown in the transverse 
section Fig. m, E. Hence the walls by which this division is brought about are 
called sextant-walls ; in- C and D they are indicated by the figure 2. Each of the 
sextant-cells is still further broken up by vertical walls into an outer larger and 
an inner smaller cell (Fig. in, E ) ; and thus the foundation is laid of the two 
layers of tissue into which the primary meristem separates, viz. into an outer and 
an inner layer, as is clearly shown in Fig. in, /l. In the outer layer divisions 
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parallel to the principal walls and in the vertical radial direction at first preponderate ; 
in the inner layer the divisions are less numerous, so that the cells become more 
uniform in diameter. This inner mass of tissue, arising from ,the inner sections 
of the sextants, is the pith which splits as the stem developes, dries up, and thus 
causes the hollowness of the stem ; from the outer layer of the primary meristem 
are also formed further from the apex the cortex, the fibro-vascular bundles, and 
later the epidermis 1 . The external organs of Equisctum are also derived from the 
outermost layer of the primary meristem, as has already been shown in Fig. m, A, 
where the protuberances x, y , b , bs .represent the rudiments of leaves. To these 
processes I shall recur hereafter ; here it need only be mentioned that each set of 
three consecutive segments undergoes at an early period a small vertical displace- 
ment, so that at least their outer surfaces form a horizontal zone which then 
bulges out and is the origin of a leaf-sheath. 

As a final example of the formation of the primary meristem from an apical 
cell, we may now consider the processes that take place at the growing end of a 



Hi,. 1 12. —A pit al region <>f a l ern-root; si longitudinal tectimi through the end of the root of ['tens haUata; 
/? transverse section through the apical col! and adjacent segments of the root at JsfltmuM l-iNx-hrmimi (after 
N.tgdiand Lcltgeb). 


Fern-root, with which the greater number of roots of Cryptogams agree in the main. 
Fig. i\2,A represents an axial longitudinal section through a Fern-root, with the 
apex uppermost, brom the apical cell v arises not merely the tissue of the sub- 
stance of the foot o , r, but also the root-cap /, tw, a mass of tissue which 
covers like a helmet the growing point of every root. The apical cell in this case 
resembles that of the stem of Kquisetaceoe and of many other Cryptogams, in so 
far as it presents a three-sided pyramidal segment of a sphere ] this form is 
sufficiently seen by comparing the longitudinal section A with the transverse 
section B. Here also three straight rows of segments are formed by successive 
divisions of the apical cell, which are numbered according to their order in age, 
/, //, ///, &c., in Fig. B; and here also a spiral is described by the line con- 
necting the centres of the consecutive segments. The great difference between 
the apices of roots and the growing stem of Cryptogams is however, that in the 
former the apical cell not only produces these segments which build up the 

Compare book II, Class Equisctaccoe, under the formation of their tissue. 
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tissue of the root 1 , but other segments also which build up 4 he Root-cap. These 
latter are cut off from the apical cell by septa in such a manner that they cover 
them like a cap ; and every such segment belonging to a root-cap is hence termed 
simply a Cap-cell. According to the investigations of N&geli and Leitgeb, it 
appears to be the rule that whenever three segments have been formed (from the 
substance of the root), a new cap-cell arises; but this rule is not always strictly 
adhered to. 

The cap-cell increases quickly in breadth ; and its transverse section, originally 
spherically triangular, becomes circular. It is simultaneously divided into two equal 
halves by a vertical wall (parallel to the axis of the root) ; in each of these halves 
a wall again arises at right angles to the former ; and thus four quadrant-cells are 
formed. Each quadrant again breaks up into two cells (octants), the further divisions 
varying in different species. In the successive layers of the cap the quadrants are 
not superimposed but alternate ; i. e. the quadrant-walls of one layer deviate from 
those of the preceding and following ones by about 45° 

The growth in length of the substance of the root, in so far as it is occasioned 
by divisions of the apical cell, proceeds, as has already been indicated, in such a 
manner that the septa which arise in spiral succession arc parallel to the sides 
of the apical cell. Each segment-cell is bounded by five walls, as at the apex 
of the stem of Equisetum , — two principal triangular walls, two oblong side-walls, 
and one somewhat convex outer wall, in contact with a root-cap. The first wall 
which arises in each segment-cell stands at right angles to the principal walls, and 
is, with reference to the whole root, a radial longitudinal wall. Two cells arise 
in this manner side by side, unequal in form and size, the septum meeting internally 
a side-wall, but externally the middle of the outer wall. I11 this manner the trans- 
verse section of the root, composed at first of three segment-cells, breaks up into six 
cells or sextants (compare the processes described above in the stem o i. Equisetum) ; 
three of these sextants reach to the centre of the section; but the three which 
alternate with them do not. The sextant-walls are seen in Fig. 112, B y in the 
segments IV, V, VI, VII , as lines dividing the outer wall in half; in a deeper 
transverse section they would form, together with the three side- walls of the three 
segments, a six-rayed star, similar to that in Fig. in, E 2 . Each sextant-cell is next 
divided again by a wall parallel to the surface of the root into an inner and an outer 
cell ; in the transverse section of the root (*. e. in the corresponding transverse section 
beneath the apex), twelve cells can therefore be recognised at this stage, of which 
the six outer ones form a peripheral layer, and the six inner ones a central nucleus. 
The longitudinal section, Fig. 112, A , shows this wall at c c , and it may thus be seen 
how the mass of the substance of the root is broken up by it into an outer layer 0 c 
and an inner thick bundle c c c c. Out of the former arises by further division a 
tissue which becomes differentiated further backwards into epidermis 0 and cortex 
(between 0 and c) ; the axial bundle c c c c, on the other hand, which is the result 
of further longitudinal divisions of the inner sections of the sextants, forms the 
procambium-cylinder of the root, in which the vascular bundles arise. In this 


1 They are bounded by thicker lines in the longitudinal section A. 

* Compare Book II, Equisetacece, diagram of root, Fig. 284 . 
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case also the ultimate separation of the mass of tissue into two distinct portions 
is determined by the first divisions of the youngest segments; but a comparison of 
the corresponding process in the # stem of Equiseium shows that the mass of tissue 
which is formed from the central portions of the sextant has quite a different 
signification from what it has there ; and the same is the case with the peripheral 
layer. A further discussion of the origin of the forms of tissue of the root out of 
these portions of the primary meristem will be entered into when treating of Ferns 
and Equisetacea?. 

In conclusion, it may be remarked that the segments of the apical cell, where 
they arise in two or three rows, have at first a position oblique to the ideal axis of 
the organ, and enclose an angle open towards the apical cell ; but, in consequence 
of growth, the position of the segments generally changes so that they come to lie 
gradually more transversely, and finally, at a certain distance from the apical cell, 
the principal walls lie at right angles to the axis of the organ. The process is not 
clearly shown in Figs. 1 1 1 and 1 1 2 ; but more evidently in examples to be brought 
forward later (e.g. Fig. 116, p. 153). 

(b) Graining Point without an Apical Cell . This occurs universally in Phanero- 
gams ; the epical region of growing shoots, leaves, and roots consisting of a primary 
meristem, the cells of which are very small in proportion to the size of the entire 
growing point, and very numerous. It has not yet been demonstrated whether 
even the cells next the apex can be traced back to a single primary mother- 
cell, although sometimes undoubtedly one cell lying at the apex is distinguished 
by a somewhat greater size and by its form. In- many shoots the surface of the 
apex seen from above shows an arrangement of the superficial rows of cells 
which to a certain extent points to this one cell as their common primary mother- 
cell; but even if this were the case, which is by no means proved, it is, on the 
other hand, altogether impossible to connect genetically the inner layers of cells 
also with this cell. The peculiar significance of the apical cell of Cryptogams lies 
in the fact that all the cells of the primary meristem furnish evidence of descent 
from it in different degrees. 

Put as in Cryptogams the first divisions of the segment-cells determine certain 
layers of the primary meristem which subsequently pass into the differentiated tissue- 
systems further backwards from the apex, so also in Phanerogams a definite 
arrangement of the celks is brought about in the primary meristem of the growing 

point, of such a kind that the various layers of the primary meristem, when 

followed further backwards, have a genetic relation with the epidermal tissue, the 
cortex, and the fibro- vascular bundles, and may be recognised as the first rudiments 
of them. The outermost layers run uninterruptedly over the apex of the growing 
point, overarching an inner mass of tissue of the primary meristem, which latter, 
on its part, sometimes runs out beneath the apex into a single cell (in Hippuris 
and Anacharis canadensis , according to Sanio), but usually terminates in a somewhat 
subordinate group of cells. 

While in Cryptogams with an apical cell an evident cell of this kind is formed 
where a lateral outgrowth (shoot, leaf, or root) is about to be developed on the 

growing point, in Phanerogams, on the other hand, a whole group of cells, 

including inner and outer layers, makes its appearance at the spot in question, so 
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that even at the first commencement of an organ no one predominating apical cell 
can be recognised (Fig. it 3). After Sanio 1 had investigated these processes in 
Phanerogams, Hanstein 2 studied them in a more general and detailed manner, and 
has recently shown that even in the embyro of Phanerogams the first divisions take 
place in such a manner as to negative from the first the existence of an apical cell; 
while, on the other hand, a differentiation into an outer layer and an inner nucleus 
of tissue early manifests itself 3 . 

The outermost layer of the primary meristem which covers the growing point 
together with its apex is the immediate continuation of the epidermis of the older 
part which lies further backwards; it may therefore be termed the Primordial 
Kpidermis; Hanstein has however already applied to it the name Dermaiogett, 
It is distinguished by the circumstance that divisions occur in it exclusively at right 
angles to the surface ; it is only at 
a subsequent period that tangential 
divisions also sometimes occur, when 
the epidermis becomes divided into 
several layers. 

Beneath the Primordial Epidermis 
one or more layers are generally 
found which also cover the apex 
continuously, and out of which the 
cortex originates further backwards 
from the apex (Fig. 122, r r, p. 163); 
they represent therefore the Pri- 
mordial Cortex ; Hanstein calls this 
layer of the primary meristem the 
Pcriblcm. Enclosed and overarched 
by this is a nucleus of tissue, 
which may be followed out as an 

immediate continuation of the fibro-vascular bundles, and of the pith enclosed 
or traversed by them. The layer of tissue in which the first fibro-vascular 
bundles originate, termed by Sanio the Thickening-ring, thus corresponds to the 
outer layer of this inner tissue-nucleus (which Hanstein terms Plerome), when a 
pith is formed 4 . If no pith is formed, as in many roots and some stems (e.g. 
ffippurts, Anacharis , &t\), the whole of the plerome is developed into procambium, 
and this into an axial fibro-vascular cylinder, which is then traversed by two or more 
vascular bundles and bast-bundles. 

The origin of the root-cap in Phanerogams may be considered, according to 
the recent investigations of Hanstein and Reinke, simply as a luxuriant growth of 
the primordial epidermis or dermatogen, localised at the apex in such a manner that 



nr. 11 — Longitudinal section through the apical region of the stem 
of an embryo of Pkaseolus tnulttftorus ; ss apex ; f>b parts of the two 
first leaves; A' k their axillary buds. 


1 Sanio, in Bot. Zeitg. 1865. p. 184 et $eq. 

2 Hanstein, Die Scheitelzellgruppe im Vcgetationspunct der Phancrogamcn. Bonn 1868. 

s Hanstein, Monatsber. tier nietlcrrh. Gcsell, July 5. i 8'>9. For further details see the general 
characteristics of Phanerogams in Book 11 . 

4 Compare however Kussow, l. c., pp. 177, 183, from which it appears questionable whether fhis 
hrst differentiation of the primary meristem invariably takes place in this way. 
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the part of the dermatogen which covers the apex of the root divides periodically 
by tangential walls. Thus the dermatogen splits at the apex into two layers of cells, 
the outermost of which developes into a many-celled cap, the Hoof-cap, while the 
inner layer at first again performs the functions of dermatogen, until a new splitting of the 
layer at the apex causes the formation of a new stratum, which again, on its part, as 



Fk, 114.-- Longitudinal section through the apical region of the young root of tin* sunflower (after ReinVe) ; hh the root, 
cap ; b b (figured dark) the cU rmatogcn ; / / the plerome ; its inner (dark) la>cr n rr the* pencambmm; between ir and b lies the 
penhlciu ; 1 ; the primary mother-cells, the source of the peribletu and plerome. 


in Cryptogams, becomes separated by tangential divisions into several layers, as is 
exemplified in Fig. 114. 

According to the description here given, which can only serve as an introduction to 
what follows for the student in a few examples, it might almost appear as if the processes 
in the growing point of Phanerogams were essentially different from those in Cryptogams, 
a hypothesis which I however do not accept. On the one hand the careful investigations 
of Nageli and Leitgeb in Lycopodiacese (/. c.) on this point prove that in this family the 
significance of the apical cell in the production of the primary meristem is different from 
that in other Cryptogams, and approximates to what occurs in Phanerogams; and 
that, on the other hand, the apical cell of Cryptogams may, equally with the apical cell- 
group of Phanerogams, be considered the starting-point of the first differentation of the 
layers of tissue. 


CHAPTER III. 


MORPHOLOGY OF MEMBERS. 

Sect. 20. Distinction between Members and Organs 1 . Metamorphosis. 

The parts of plants which are ordinarily termed their Organs — very various in 
their form, and serving different physiological purposes— may be considered scien- 
tifically from two different points of view. The question may be asked at the 
outset, How far are these parts adapted, by their form and structure, to perform 
their physiological work ? In this case they are regarded from one side only, as 
instruments or organs, and this mode of regarding them belongs to physiology. In 
the other case these relationships may be completely put aside, and the question 
may be kept out of consideration what functions the parts of the plant have to fulfil, 
and the only point kept in view may be where and how they arise, that is in what 
manner the origin and growth of one member are related in space and time to 
those of another. This mode of regarding them is the morphological one. It is 
obvious that it is as one-sided as the physiological ; but investigation and description 
require, here as everywhere else in science, abstractions of this kind ; and they are 
not only not hurtful, but even of the greatest assistance to investigation, if the 
investigator is only clearly conscious that they are abstractions. 

In this chapter we shall concern ourselves exclusively with the morphological 
consideration of the parts of a plant. But before we proceed to a more minute 
investigation, it will be useful to get a somewhat more exact comprehension of the 
relationship between the physiological and the morphological view. 

Morphological investigation has led to the result that the infinite variety of the 
parts of plants, which in their mature state are adapted to functions altogether 
different, may nevertheless be referred to a few Original forms , if regard is paid 
to their development, their mutual positions, the relative time of their formation, 
and their earliest states ; that, for instance, the thick scales of a bulb, the mem- 
branous appendages of many tubers, the parts of the cal^x and corolla, the stamens 
and carpels, many tendrils and spines, &c., altogether resemble, in these respects, 


1 Niigeli und Schwcndener, Das Mikroskop. Leipzig 1867, p. 599. — Hofmeister, Allgemeine 
Morphologic der Gewachse, Leipzig 1868, Sect. I, 2.— Hanstein, Botanische Abhandlungen aus 
(lem Gcbiete der Morphologie u. Physiologie. Bonn 1870, Heft I. p. 85. 
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the green organs which have been termed simply leaves (foliage-leaves). All 
these structures are therefore also called Leaves (Phy Homes) ; and this designa- 
tion is frequently justified by the fact that many of these organs actually become 
transformed, under peculiar conditions, into green leaves. Since the green organs 
which are termed leaves in popular language (foliage-leaves) may be considered 
as leaves par excellence , the other structures, which are also considered to be 
foliar, are termed metamorphosed leaves. The same is also the case with those 
parts to which the leaves are attached, and on which they grow as lateral ap- 
pendages. They sometimes have the form of cylindrical or prismatic, slender, 
greatly elongated stems, sometimes of thick roundish tubers, or are often hard 
and lignified (trunks) ; in other cases they are soft and flexible, either embracing 
other firm bodies (bines), or firmly attached to them, as in the ivy ; they may 
also occur as sharp spines or tendrils (grape-vine). All this is connected with 
the mode of life of the plant, and with the functions of the structures under 
consideration. But if the one characteristic only is kept in view, that they all bear 
leaves which arise below their growing apices, an agreement is found as important 
as com piety, which may for the time be altogether abstracted from the physio- 
logical functions and the corresponding structure ; and when once this abstraction 
is made, the agreement may be denoted by applying a common name to all those 
parts which bear leaves; they may be termed Stem-structures (Caulomes) or simply 
Axes. In the same sense therefore in which, for example, the tendril of a pea is a 
leaf, the tuber of a potato is also a stem or axial structure ; and just as the tendril of 
a pea is termed a metamorphosed leaf, so the tuber of a potato may also be called a 
metamorphosed stem. 

The same is the case with hairs as with leaves and stems; the distinguishing 
characters of root-hairs, woolly hairs, prickles, glandular hairs, &c., is that they all 
originate as outgrowths of epidermal cells. * If we now go a step further, we may term 
all appendages of other parts which originate as outgrowths of epidermal cells, 
whatever their form and function, Hairs (Trichomes). Thus the so-called paleoe and 
the sporangia of Ferns are trichomes ; or, if the ordinary filiform hairs are considered 
the original form, they are then metamorphosed hairs. It does not necessarily follow 
that hairs grow from a true epidermis ; it is held sufficient if they arise from single 
superficial cells ; and thus the number of the external appendages termed trichomes 
is still further increased. 

As in the case of stems, leaves, and hairs, we may speak also of metamorphosed 
roots ; they are usually filiform, long, and slender, but sometimes thick and tuberous ; 
usually they grow beneath the ground, but also sometimes above ground, and even in 
an upward direction. Nevertheless, under all circumstances roots maintain so striking 
a similarity to their typical forms, that the term metamorphosed is but seldom ap- 
plied to them. 

This mode of investigation, applied to Vascular Cryptogams and Phanerogams, 
has shown that all the organs of these plants may be referred to one of these 
morphological categories ; every organ is either Stem (Axis), Root, Leaf, or Hair. 
The Muscineae have no roots in a morphological sense, although they possess 
organs which completely fulfil the functions of roots ; on the other hand most have 
leaves which grow on stems (axes). In Algae, Fungi, and Lichens, the plant has 
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generally appendages which may be termed hairs ; but there are never any roots 
in the morphological sense, and the term leaf, as understood in higher plants, can no 
longer be rightly applied even in those cases where the external form of the mature 
parts is similar to the foliage -leaves of higher plants, e.g. Laminaria digitata , &c. 
It is now agreed to apply to those vegetable structures in which the morphological 
distinction of stem and leaves cannot be carried out in the present state of our 
knowledge (and which have never any true roots), the morphological term Thallus 
or Thallome . In contradistinction to Thallophytes , all plants in which leaves 
can be morphologically distinguished might be termed Phyllophytes ; the name 
Cormophytes has, however, been given in preference to them. From what has 
been said it will be seen that the thallophyte is only distinguished from a cormophyte 
by the lateral outgrowths which occur somewhere or other on it not presenting 
sufficient morphological distinctions from the part which bears them, to permit us to 
term them leaves in the same sense as in the more highly differentiated plants. 
But as the morphological distinctions of stem and leaf are not yet sufficiently 
established even in higher plants, it is impossible to draw a sharp boundary 
between Thallophytes and Cormophytes, and indeed it is certain that one does not 
exist. 

If we now accept the terms Thallome, Stem (Caulomc), Leaf (Phyllome), and 
Hair (Trichome) 1 , in the senses indicated, it can no longer be said that the leaf is the 
organ for this or that function ; for leaves may undertake all possible functions ; and 
the same remark applies also to the other parts. It is therefore on all accounts 
inexpedient simply to apply the term Organs to thallomes, stems, leaves, and hairs, 
for many of them have in fact no function at all. In order to avoid this mode of 
expression, which is confusing and foreign to morphology, it is obviously best to 
speak in this sense not of Organs, but of Members . The term Member is used when 
we speak of a part of a structure in reference to its form or position, and not to any 
special purpose it may serve. Thus, from a morphological point of view, stems, 
leaves, hairs, roots, thallus-branches, are simply members of the plant-form ; but a 
particular leaf, a particular portion of the stem, &c., may be an organ for this or that 
function, which it is the province of physiology to investigate. 

The morphological nature of a member is best recognised in its earliest 
stages of development, and by its relative position in the series of processes of 
growth ; the morphological definitions depend therefore essentially on the history 
of development. 

The older a member becomes, the more obvious becomes its adaptation to a 
definite function, the more completely is its morphological character often lost. In 
their earliest states the members to which the same morphological term is applied 
(e.g. all the leaves of a plant) are extremely similar to one another; at a subsequent 
period all those distinctions arise which correspond to their different functions. 
We can now arrive at a definition of Metamorphosis* which may be used in a 
scientific manner : — Metamorphosis is the varied development of members of the 
same morphological value resulting from their adaptation to definite functions. 


See Niigeli itnd Schwendener, Das Mikroskop, vol. II. p. 59 1 . 
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(a) The conceptions of Stem, Leaf, Root, Trichotne, as at present employed in botany, 
result from the examination of highly developed plants, the different members of which 
actually present considerable diversities, or display considerable differentiation ; but if the 
attempt is made to apply these conceptions in the same manner to the less differentiated 
Hepaticae, Algae, Lichens and Fungi, many difficulties arise, depending principally 
on the fact that the members of the thallome sometimes display striking resemblances 
to leaves, hairs, stems, and even roots, while wanting others of their characteristics. 
Transitions occur from the members of Thallophytes which are but slightly differen- 
tiated morphologically to the highly differentiated members of Cormophytes. In the 
members which we term stem, leaf, root, hair, it is clear that those differences are 
only augmented which also occur, though in a lesser degree, in the more homoge- 
neous ramifications of the thallome, especially of the higher Algae; absolute distinctions 
between thallomes and leaf-bearing axes are not to be found. It is therefore a matter 
of convenience Where the boundary-line is drawn. 



FlC,. 115.— I.onf;ilu< 1 inal suction through the apical region of three primary slinots of Chara ft a^ilts i / the apical cell, in 
which segments arc formeil by septa; each segment bciujf further divided by a curved septum into a lower evil which doe* 
not further divide and which develops*, into an intemode f v" x r "' , and an upper cell which produces a node nt m' and the 
leaves JLach node cell produces a whorl of leaves of different atfos. (For a more exact description, bee Hook II, Charareae.) , 


(b) The expressions Thallome, Caulome, Phyllome, Trichome, Root, designate, as has 
been said, general ideas, from the definition of which are eliminated all those properties 
of the members which adapt them only for definite functions, while a few characters 
only, drawn from their origin and mutual position, are kept in view. Parts which 
are physiologically entirely different may therefore be morphologically equivalent , 
and, vice vena y physiologically equivalent organs may fall morphologically under quite 
different conceptions. The statement, for example, that the sporangia of Ferns are 
trichomes, means only that they originate, like all hairs, from epidermal cells ; in this 
characteristic hairs and the sporangia of Ferns are morphologically equivalent. On the 
other hand the underground hairs of Mosses and the true roots of vascular plants are 
physiologically equivalent ; both serve for the absorption of nourishment and the fixing of 
the plant in the ground, although the former are morphologically trichomes, the latter 
roots. 
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(c) General ideas, like those considered here and in the sequel, depend always on 
abstractions; they therefore necessarily want the practical dearness of the particular 
ideas from which they have been abstracted. How far the abstraction may be carried is 
more or less arbitrary; and the only correction for this lies in the scientific usefulness 
of the idea. Those ideas are the most useful which, from the greater predsion of 
the definition, and from their greater clearness, include the greatest possible number 
of particular cases; for in this manner is that complete general comprehension of the 
phenomena most easily obtained which must precede a closer examination of them. The 
definitions in the following paragraphs are given from this point of view. 


Sect. 21. Leaves and Leaf-bearing Axes 1 . — The members of the plant 
which are called Leaves (Phyllomes) in Characeae, Muscineae, Vascular Cryptogams, 
and Phanerogams, are related to 
the axis or stem irom which they 
are derived in the manner de- 
scribed in the following para- 
graphs. 

(1) The Leaves always origi- 
nate below the grozving apex 0/ the 
stem as lateral outgrowths , either 
singly, or several at the same 
height, e. at an equal distance 
from the apex ; in the latter case 
they form a whorl, the single 
leaves of which may differ in age, 
as in Chara and Salvinia , and in 
the whorls of many flowers. 

(2) So long as the apex of 
the shoot continues growing in a 
straight line, and the portion of 
the shoot which produces leaves 
lengthens , the leaves arise in 
acropetal order ; i. e. the nearer 
the leaves are to the apex, the 

younger they are. In this case leaves are never produced further from the apex 
than those already in existence. It is only when, as not unfrequently happens 
with the flowers of Phanerogams, the growth in length of the shoot ceases or 
becomes weaker at the apex, while, at the same time, active growth continues in 
a transverse zone or place beneath the apex, that new leaves can arise between 
those already in existence 2 . 

(3) The Leaves always originate from the Primary Mcristem of the Grozving 



foufittafn antif>yrcti(a , an aquatic Moss (after Leltgeb) ; v the apical cell 
of the shoot, producing three rows of segments which arc at first oblique 
and afterwards placed transversely (distinguished by a stionger outline). 
Kach segment is first of all divided by the septum a into an innet and 
an outer cell ; the former produces a part of the inner tissue of the stem, 
the latter the cortex of the stem and a leaf. Leaf ‘forming shoots arise 
beneath certain leaves, a triangular apical cell s being formed from an outer 
cell of the segment, which then, like v, produces three rows of segments ; 
and each segment here also forms a leaf. (For a more exact description sec 
book II, Mosses.) 


1 Niigeli u. Schwendencr, Das Mikroskop. Leipzig 1869, p. 599 et seq. — Hofmeister, Allge- 
meine Morphologie der Gewebe. Leipzig 1868, Sect. 2. — Pringsheim, Jahrb. fur wissen. Hot. 
vol. III. p.484. — Ditto on Utricularia, in Monatsber. der Berliner Akad., Feb. 1869. — Hanstein, Bot. 
Abhandlungen, Bonn 1870, Heft I. — Leitgeb, Botan. Zeitg. 1871, no. 3. — Warming, Rccherches sur 
la ramification des Phanerogames. Copenhagen, 1872, p. vi. 

9 Since phenomena of this kind are confined to the flowers and inflorescence of Phanerogams, 
their consideration may for the time be postponed. 
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Points never from those parts of the stem which already consist of fully differentiated 
tissues. In Charace®, Muscineae, &c., before or during the first divisions of their 
segments, the leaves become visible close beneath the growing point as protuber- 
ances, the outer portion constituting an apical cell, from the segments of which a 
leaf is built up. In \ ascular Cryptogams a many-celled cone of growth often over- 
tops the youngest rudiment of a leaf, as in strong Equisetum buds, Sahinia, many 
Ferns and Selaginellese. In Phanerogams (Figs. 117, 118, up) this is general 1 ; in 
them the rudiment of the leaf does not begin with an apical cell projecting from 
the cone of growth, as in Cryptogams, but a rounded or broad cushion is fonned, 
which from its very first origin consists of numerous small merismatic cells. 

(4) The Leaves are always Exogenous Formations , i.e. the rudiment of the 
leaf never has its origin exclusively in the interior of the tissue of the stem, and 
is never covered by layers of tissue of the stem which take no part in its formation, 



Mi, n 7- —Terminal region cf two primary shoots of nuui. 
Apex ol ilu very suull-cellcd cone of growth, out of which the 
le.ue*. b, b', b b'" arise as multicellular protuher.ui. ts, which 
soon embrace «hc stem, anil envelope It and the younger leaves 
hie .1 sheath. In the axil of the third youngest leal b" the young, 
cst rudiment of a branchkt is visible as a roundish pi otubei .nice. 



, .. ........go me apicni region of the 

/ ' '«*»» *J>«* sunfl.v^or. immediately before the formation of 

the flowers, » apt* of the broad growing point; b b the youngest 
leaves ; r u,rt ex ; tn pith s 


as is the case with roots and many endogenous shoots. In Cryptogams it is usually 
a single superficial cell (». e. superficial before the differentiation of the epidermis) 
which forms the foliar protuberance. In Phanerogams a mass of tissue bulges 
out as the rudiment of the leaf, and consists of a luxuriant growth of the periblem 
covered by dermatogen (Sect. 19, Fig. ,, 3) p. i 47 ). By this means the leaf is at 
once distinguished from the hair even in its most rudimentary state. The hair is an 
outgrowth of the epidermis; but since in Phanerogams the primordial epidermis 
or dermatogen covers the whole of the growing point above the leaves, hairs may 
also spring up higher in position than the youngest leaves, from single cells 


[W arming however remarks (Ramification des Phan^rogames, iii) that the growing point 
may have the most vanous forms, from that of a rather acute cone, as in Gramme*, AmaraZZZ 
‘ , °,[ a CU P‘ sha P cd depression, e.g. Digitalis, and that the form may differ even in 
spcc.cs belonging to the same genus; thus in Digitalis l„ua it is convex, in D. parviflora con- 
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belonging to the dermatogen, as in Utricularia according to Pringsheim. But in 
Cryptogams the dermatogen becomes differentiated only after the formation of the 
leaf ; and hence the hairs are always at a greater distance from the apex than the 
youngest leaves (Fig. 116); the superficial cell of the stem, which in Cryptogams 
becomes the apical cell of a new leaf, is not an epidermal cell, since its origin dates 
long before the differentiation of the tissue into epidermis and periblem. 

(5) The Tissue of the mature Leaf is continuous in its formation with that of the 
Stem . It is impossible, histologically, to find a boundary line between the stem 
and the base of the leaf, although such a boundary line must be assumed theo- 
retically. If the surface of the stem is imagined to be continued through the 
base of the leaf, the transverse section thus caused is called the Insertion of the 
Leaf 

The continuity of the tissue is especially observable in vascular plants, where 
the well-developed leaves 1 consist, like the stem, of epidermal and fundamental 
tissues and fibro-vascular bundles. The ^ 


cortical layers of the stem bend out with- 
out interruption into the leaf, and consti- 
tute its fundamental tissue; in the same 
manner the epidermis passes over from 
the stem into the leaf; the fibro-vascular 
bundles of the leaves have, in Phanero- 
gams and many Cryptogams, the appear- 
ance of being the upper ends of the ‘ com- 
mon’ bundles which ascend in the stem 
(Fig. 1 1 9); and where this is not the 
case, as in Lycopodiaccae, the basal por- 
tions of the foliar bundles and the fibro- 



vascular mass of the stem are nevertheless 
in continuity. 

The main cause of the continuity of 
tissue between stem and leaf is that the 


Fit;. 119.— Longitudinal section Ihroiitfli the apical re^m 
of an upright shoot of Hij>puri\ vulgar i\ ; s apex of the stein 
i>. f > , l> the vertiall.ite leaves; k k the buds in their axils, which 
all devclopc into flowers; # g the first vessels (the dark purl 
of tiic tissue indicate the inner cortex with its interceilula 
spaces). 


leaf arises from the cone of growth of the stem, where it still consists entirely 
of primary meristem; in vascular plants the young leaf appears as a luxuriant 
development of its outer layers (the dermatogen and inner layers of periblem, see 
Sect. 19). And as vascular bundles (at first in the form of procambium) become 
differentiated in the central tissue of the stem or plerome, similar bundles also 
appear in the tissue of the growing leaf, in such a manner that the two are in 
connection with one another. This connection may be such that the foliar 
bundles appear as the upper prolongations of those of the stem; thus arise the 
‘ common ’ bundles of Phanerogams, the portion that runs through the stem 
being termed the Leaf -trace (see Sect. 18). But in sftme Vascular Cryptogams, 
as Lycopodiaccae and Equisetaceae, the procambium bundles which are differentiated 
in the tissue of the young leaf are so connected with the young fibro-vascular 


1 Leaves which wither early, or which persist as small scales, like all the leaves of Psilotum, and 
many small leaf-scales of Phanerogams, have no fibro-vascular bundles. 
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bundles of the stem, that although they are actually continuous, their independent 
origin is still easily seen in radial longitudinal sections through the apices of young 
stems. In both cases the development of the first vessels usually commences in 
the region where the bundle that bends out into the leaf unites with that of the 
stem. In addition to the Common Bundles formed in this way, fibro-vascular bundles 
may also arise in the stem, as has already been described in Sect. 18, which belong 
to it alone, and are therefore termed Cauline Bundles. Cauline bundles may be 
formed at an early period of the growth of the stem, as in Piperaceae, Nycta- 
gineae, &c., or only as a consequence of increase in thickness, when the leaves have 
already long been developed, or have even fallen off, as in Aloinese, Menispermacese, 
& c. (see Sect. 18). 

(6) The Leaves usually grow more rapidly in length than the parent shoot above 
their insertion (Figs. u6, 117, 118). If the leaves are formed rapidly one after 
another, they envelope the end of the shoot, and thus form a Bud t in the centre 
of which lies the leaf-forming growing point. This production of a bud depends 
also on the more rapid growth of the outer or under side of the leaves in their 
young state, by which they become concave on the inner (afterwards the upper) 
side, and addressed to the stem. It is only by the extension of their tissue that 
the leaves ultimately turn outwards in the order of their age, and thus escape 
from the bud. If the portion of the stem between the insertions of the leaves 
undergoes at the same time a considerable extension, the leaves then become 
placed at a distance from one another, and a shoot results with elongated inter- 
nodes. In such cases the section of the stem in which the leaf-insertion lies 
usually developes in a different manner from the intermediate portions; these zones 
are termed the Nodes, the intermediate portions the Internodes , as in Characeae, Equi- 
selaccce, and Grasses. If the stem remains entirely undeveloped between the nodes, 
it possesses no proper exposed surface, but is entirely covered by the leaf-insertions, 
as in Ncphrodium Filix-mas ; but more commonly this is only apparently so from 
the internodcs being very short, as in many palm-stems. The internodes may be 
present immediately after the first formation of the leaves, when the consecutive 
leaves or leaf-whorls appear at considerable distances in height from one another, 
as in Chara 1 * and Zea (Fig. 1 1 7) ; or they may originate only after further develop- 
ment of the stem-tissue, as in Mosses (Fig. 116) and Kquisetacere, where every 
segment of the apical cell of the stem forms a rudiment of a leaf, so that the 
leaf-rudiments follow immediately one after another; and it is only by further 
cell-formation, growth, and differentiation that the lower portions of the segment 
become developed into the exposed portions of the surface of the stem, as is 
clearly shown in Fig. 116. The formation of a bud in the way described above 
does not take place when on the one hand the leaves are developed very slowly 
one after another, or on the other hand when the stem grows rapidly in length 
between the youngest leaf-rudiments or even before the appearance of the youngest, 
so that there is always only one slightly developed leaf near the apex, as in the 
underground creeping shoots of Pier is aquilina (see Book II, Ferns). 

1 I consider in Chara , as in Muscincse, and in fact universally, that the cortex belongs originally 

to the stem, and not to the leaf. 
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(7) Every Leaf assumes a form different to that of the Stem which produces it , and 
to that of its lateral Shoots . This is usually so conspicuous that no further descrip- 
tion is needed, Nevertheless one point must be mentioned which often causes 
difficulty to the student. It not unfrequently occurs that lateral shoots of certain 
plants present a great similarity in form and physiological properties to the foliage- 
leaves of other, plants, as the flat lateral shoots (phylloclades) which bear the flowers 
in Ruscus, Xylophylla , Miihlenbeckia platyclada , &c. ; but the course of development 
shows that these apparent leaves must, from their position, be lateral shoots, them- 
selves producing leaves ; and the leaves of these plants are usually of quite a dif- 
ferent form from these leaf like branches. The phrase 1 leaf-like' has in these cases 
usually no distinct morphological, but only a popular meaning; and what will be 
said under paragraph (8) may be applied here. The branches or leaf-bearing lateral 
shoots arise in very different ways in different plants; but very commonly they 
have this in common with leaves, — that they originate also as lateral and exogenous 
outgrowths in the primary meristem of the growing point ; that they are formed, 
like the leaves, in acropetal succession; and that the differentiation of their tissue 
proceeds continuously with that of the primary shoot. They are distinguished, 
however, from the leaves of the same plant by their place of origin, by their 
much slower growth — at least at first (later they may overtake the leaves), — and 
by their relations in point of symmetry, of which we shall speak hereafter. The 
leading fact, however, is that the lateral shoot repeats in itself, by the formation 
of leaves, all the relations hitherto named between leaf and stem, and is there- 
fore a repetition of the primary shoot, although in other physiological characters 
it may differ greatly from it. 

(8) The morphological conceptions of Stem and Leaf are correlative ; one cannot 
be conceived without the other ; Stem (Caulome) is merely that which bears Leaves ; 
Leaf (Phyllome) is only that which is produced on an axial structure in the manner 
described in paragraphs (I-7) 1 . All the distinguishing characters which are ap- 
plicable to the definition of Caulome and Phyllome express only mutual relationships 
of one to the other ; nothing is implied as to the positive properties of cither. If 
we compare together all the structures which we call leaves without reference to 
the stems to which they belong, we shall be unable to find a single characteristic 
which i£ common to them all and which is wanting in ail stems 2 . But that which 
is common to all leaves is their relation to the stem. Hence the ideas Phyllome 
and Caulome cannot be obtained by comparing together the positive properties 
of leaves or the positive properties of stems, or by laying stress on the points 
which they have in common and on those wherein they differ; but these ideas 


1 There are, for instance, thallomes strikingly similar to certain leaf-forms, as those of Lami- 
naria , Delesseria , &c.; they are, however, not leaves, since they jxe not formed on a stem as 
lateral structures. 

a [Wanning (Ramification des Phanerogames, p. xvii) remarks that while it is impossible to find 
constant characters for separating phyllomes from caulomes, they spring from the peripheral tissue 
at slightly different depths. Phyllomes originate in the superficial layers of the periblem, from the 
first to the third ; feebly developed foliar organs, such as bracts, even in the first layer alone. 
Caulomes scarcely ever originate in the first layer, but usually in the third or fourth. Wanning 
attributes this to the necessity for the largest structure to have the deepest origin.] 



156 


MORPHOLOGY OF MEMBERS , 


bundles of the stem, that although they are actually continuous, their independent 
origin is still easily seen in radial longitudinal sections through the apices of young 
stems. In both cases the development of the first vessels usually commences in 
the region where the bundle that bends out into the leaf unites with that of the 
stem. In addition to the Common Bundles formed in this way, fibro-vascular bundles 
may also arise in the stem, as has already been described in Sect. 18, which belong 
to it alone, and are therefore termed Caulinc Bundles. Cauline bundles may be 
formed at an early period of the growth of the stem, as in Piperaceae, Nycta- 
ginere, &c., or only as a consequence of increase in thickness, when the leaves have 
already long been developed, or have even fallen off, as in Alofneae, Menispermaceae, 
&c. (see Sect. 18). 

(6) The Leaves usually grow more rapidly in length than the parent shoot above 
their insertion (Figs. ij 6, 117, 118). If the leaves are formed rapidly one after 
another, they envelope the end of the shoot, and thus form a Bud, in the centre 
of which lies the leaf-forming growing point. This production of a bud depends 
also on the more rapid growth of the outer or under side of the leaves in their 
young state, by which they become concave on the inner (afterwards the upper) 
side, and addressed to the stem. It is only by the extension of their tissue that 
the leaves ultimately turn outwards in the order of their age, and thus escape 
from the bud. If the portion of the stem between the insertions of the leaves 
undergoes at the same time a considerable extension, the leaves then become 
placed at a distance from one another, and a shoot results with elongated inter- 
nodes. In such cases the section of the stem in which the leaf-insertion lies 
usually developcs in a different manner from the intermediate portions; these zones 
are termed the A r odes, the intermediate portions the Internodes, as in Characece, Equi- 
selacepe, and Grasses. If the stem remains entirely undeveloped between the nodes, 
it possesses no proper exposed surface, but is entirely covered by the leaf-insertions, 
as in Nephrodium Filix mas ; but more commonly this is only apparently so from 
the internodes being very short, as in many palm-stems. The internodes may be 
present immediately after the first formation of the leaves, when the consecutive 
leaves or leaf-whorls appear at considerable distances in height from one another, 
as in Chara 1 and Zea (Fig. 1 1 7) ; or they may originate only after further develop- 
ment of the stem-tissue, as in Mosses (Fig. 116) and Equisetacece, where every 
segment of the apical ceil of the stem forms a rudiment of a leaf, so that the 
leaf-rudiments follow immediately one after another; and it is only by further 
cell-formation, growth, and differentiation that the lower portions of the segment 
become developed into the exposed portions of the surface of the stem, as is 
clearly shown in Fig. 116. The formation of a bud in the way described above 
does not take place when on the one hand the leaves are developed very slowly 
one after another, or on the other hand when the stem grows rapidly in length 
between the youngest leaf-rudiments or even before the appearance of the youngest, 
so that there is always only one slightly developed leaf near the apex, as in the 
underground creeping shoots of P ter is aquilina (see Book II, Ferns). 

1 I consider in Chara , as in Musctnese, and in fact universally, that the cortex belongs originally 
to the stem, and not to the leaf. 
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(7) Every Leaf assumes a form different to that of the Stem which produces it, and 
to that of its lateral Shoots . This is usually so conspicuous that no further descrip- 
tion is needed. Nevertheless one point must be mentioned which often causes 
difficulty to the student. It not unfrequently occurs that lateral shoots of certain 
plants present a great similarity in form and physiological properties to the foliage- 
leaves of other plants, as the flat lateral shoots (phylloclades) which bear the flowers 
in Ruscus , Xylophylla , Miihlenheckia platyclada , &c. ; but the course of development 
shows that these apparent leaves must, from their position, be lateral shoots, them- 
selves producing leaves ; and the leaves of these plants are usually of quite a dif- 
ferent form from these leaf like branches. The phrase ‘ leaf-like' has in these cases 
usually no distinct morphological, but only a popular meaning; and what will be 
said under paragraph (8) may be applied here. The branches or leaf-bearing lateral 
shoots arise in very different ways in different plants; but very commonly they 
have this in common with leaves, — that they originate also as lateral and exogenous 
outgrowths in the primary meristem of the growing point ; that they are formed^ 
like the leaves, in acropetal succession; and that the differentiation of their tissue 
proceeds continuously with that of the primary shoot. They are distinguished, 
however, from the leaves of the same plant by their place of origin, by their 
much slower growth — at least at first (later they may overtake the leaves), — and 
by their relations in point of symmetry, of which we shall speak hereafter. The 
leading fact, however, is that the lateral shoot repeats in itself, by the formation 
of leaves, all the relations hitherto named between leaf and stem, and is there- 
fore a repetition of the primary shoot, although in other physiological characters 
it may differ greatly from it. 

(8) The morphological conceptions of Stem and Leaf are correlative ; one cannot 
be conceived without the other ; Stem (Caulome) is merely that which bears Leaves ; 
Leaf (Phyllome) is only that which is produced on an axial structure in the manner 
described in paragraphs (1-7) *. All the distinguishing characters which are ap- 
plicable to the definition of Caulome and Phyllome express only mutual relationships 
of one to the other ; nothing is implied as to the positive properties of either. If 
we compare together ail the structures which we call leaves without reference to 
the stems to which they belong, we shall be unable to find a single characteristic 
which common to them all and which is wanting in all stems 1 2 3 . But that which 
is common to all leaves is their relation to the stem. Hence the ideas Phyllome 
and Caulome cannot be obtained by comparing together the positive properties 
of leaves or the positive properties of stems, or by laying stress on the points 
which they have in common and on those wherein they differ; but these ideas 


1 There are, for instance, thallomcs strikingly similar to certain leaf-forms, as those of Lami- 

naria, Delesseria , &c. ; they are, however, not leaves, since they ty*e not formed on a stem as 
lateral structures. 

3 [Warming (Ramification des Fhan&ogames, p. xvii) remarks that while it is impossible to find 
constant characters for separating phyllomes from caulomes, they spring from the peripheral tissue 
at slightly different depths. Phyllomes originate in the superficial layers of the periblem, from the 
first to the third; feebly developed foliar organs, such as bracts, even in the first layer alone. 
Caulomes scarcely ever originate in the first layer, but usually in the third 6r fourth. Warming 
attiibutes this to the necessity for the largest structure to have the deepest origin.] 
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are obtained by observing leaves exclusively in their relation to the stem which 
produces them, and stems in relation to the leaves produced from them. In other 
words, the expressions Stem and Leaf denote only certain relationships of the parts 
of a whole— the S/wo/; the greater the differentiation, the more clearly are Stem 
and Leaf distinguished. The measure of the difference is usually arbitrary; but 
if we confine ourselves to those plants to which the tenn leaf is applied in ordinary 
language, the distinction of leaves from stem depends on the relationships named 
in paragraphs (1-7); and in this sense certain lateral outgrowths in some Algae 
may be termed Leaves, and the axial structures which produce them Stems (e.g, 
Characeae, Sargassum), But when the difference between the outgrowths and the 
axial structures which produce them is less, one or more of the relationships named 
in paragraphs (1-7) disappear, and it becomes doubtful whether the expressions 
Leaf and Stem ought still to be used ; and when finally the similarity preponderates, 
the whole shoot is no longer called a Leafy Stem, but a Thallome. A branched 
thallome has the same relation to a leaf-bearing stem as a slightly differentiated to a 
highly differentiated whole. 

The external differentiation of the members of the shoot into Stem and Leaf 
is to a cer/ain extent independent of the internal differentiation which brings 
about the different forms of tissue and the cell-divisions, as is shown in the 
comparison of Muscineac and Characeae with Phanerogams. The internal seg- 
mentation may be reduced to a minimum of cell-divisions, or may altogether dis- 
appear; in the latter case the single cell represents a shoot, the lateral outgrowths 
of which behave as leaves and the axial part as stem, as, for example, in Catilerpa 
amongst Algie. What has already been said as to the continuity of the tissue 
of stem and leaf and their common origin from the primary meristem, must 
here be understood in an extended sense. In place of the primary meristem we 
have the growing point of a single cell continuing its growth, and instead of 
the differentiation of tissue the development of the older part of the cell-wall 
and of its contents. Caulerpa consists of a single cell, which grows like a 
creeping stem and puts out lateral lcaf-likc protuberances and tubular hairs which 
even perform the function of roots, the whole enclosing a continuous cell-cavity 
without partition-walls 1 . 

(a) The leaves, like the shoots, grow at first at the apex, /. e. at the end opposite 
the place of their origin. This apical growth continues indefinitely in many thallomes 
and leaf-bearing axes until checked by some external cause ; this is especially the case 
in the primary shoots of Fucacesc, pleurocarpous Mosses, Characea*, the rhizomes of 
Equisetacear, Ferns, and the primary stems of Conifene and of many Angiosperms. If 
the primary shoots themselves bear organs of reproduction, the apical growth generally 
ceases with their development, as in many acrocarpous Mosses, the fertile stems of 
Equisctaccx, the haulms of grasses which bear the inflorescence, and in all cases in 
Angiosperms where a primary shoot ends in a flower. The lateral shoots are usually 
of limited growth ; the growth frequently ceases without any external cause, more 
especially when they bear reproductive organs, or become transformed into spines, or 
are very different in their shape from the primary shoot, as the horizontal lateral 
branchlets of many Conifenr, the leaf-like shoots (phyllocladcs) of Phyllocladus % Xylo - 
fhylla , Rujcujf &c. 


1 See Nagcli, Zeitselirift fur wisscnscbafllichc Uotanik, and Ncucre Algcnsystcme. 
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In by far the greater number of leaves the apical growth ceases early, the apex 
itself becoming transformed into permanent tissue. In Ferns, however, the apical growth 
of the leaves usually continues, and in many genera is even unlimited, the apex of the 
leaf always remaining capable of development, and not becoming transformed into 
permanent tissue, as in Nephrolepis ; in Gleicbenia , Mertensia , Lygodium , and Guarea, the 
growth of the apex of the leaf is, as in many shoots, periodically interrupted, and again 
renewed in each period of growth. 

(b) Besides the apical growth, there always exists, however, both in stems and in 
leaves, an interstitial growth, by which the parts produced by the apical growth increase 
in size and become further developed. T he development of the internodes of the stem 
depends almost exclusively on this interstitial growth, as indeed is shown by the crowded 
position of the leaves and the shortness of the internodes in the bud ; it is generally at 
first very rapid, and the increase in size occasioned by it is often very considerable ; but 
it usually soon cetses, and the tissues become differentiated into unchanging permanent 
forms. Not unfrequcntly, however, a basal zone of the internodes (as in Grasses, Equi - 
setum hyemale , &c.), and in many cases the base of the leaf also, remains for a long time 
in a condition capable of development, white the parts nearer to the apex, long since 
transformed into permanent tissue, have attained their full growth. In this manner 
a secondary basal increase in length, often continuing for a long time, is occasioned 
in parts which have long ceased to grow above; this occurs in a peculiarly marked 
manner in the long leaves of many Monocotyledons (Grasses, Liliaceac, &c.) which 
are shcath-like in their lower part, and to a smaller degree in many Dicotyledons 
(e.g. Umbellifera’). Where, as in Ferns, and in a lower degree in many pinnate leaves 
of Dicotyledons, the apical growth long remains active, the basal interstitial growth 
usually soon ceases, and, vice versa , continues the longer the earlier the apical growth 
comes to an end. Two extreme cases may therefore be distinguished in leaves, although 
closely connected by intermediate forms; the predominantly apical and the predomi- 
nantly basal growth. 

If the interstitial growth continues at one part of the surface of the leaf, and attains 
there a maximum which then decreases, a bag -like projection of the surface of the 
leaf is formed, which is termed a Spur, such as occurs in many petals, as Aquiicgia, 
Dicentra , &c. 

(c) Before the tissues which are differentiated from the condition of primary 
meristem assume their definite forms, a rapid growth usually takes place in their cells, 
which is no longer accompanied by cell-division ; the size of the cells is not unfrequently 
increased by this means ten or even a hundred-fold and more. This process, which is 
mainly dependent on the rapid increase of the watery sap, may be termed Extension , in 
contradistinction to the growth of the younger cells which is connected with their 
divisions, and which always precedes the extension. On this extension depends the 
rapid unfolding of the parts of the bud, which had long before assumed their main out- 
lines, but had remained small. The buds very often remain a long time in a condition 
of rest, until a rapid unfolding of the leaves and internodes already formed suddenly 
takes place ; as, for instance, in the germination of many seeds, and in the persistent 
buds of many trees (horse-chestnut), bulbs (tulip), and corms (crocus, &c.), formed in 
the summer and germinating in the spring after long rest in winter. 

(d) The Axis of growth or of length of a member (as will further be shown in a special 
paragraph) is an imaginary line passing from the centre of the base to the apex. The 
entire growth both of leaves and of stems is usually most rapid in the direction of this 
line; they are therefore for the most part longer than they are broad or thick. In 
stems the growth is most often nearly equal along all diameters ; they assume therefore 
cylindrical, prismatic, or bulbous rounded forms. It is, however, sometimes the case that 
the growth irv length advances much more slowly than that in diameter; and then the 
stem becomes tabular or flat, as in many bulbs, the corm of the crocus, and especially in 
Isoetes . It is only in the lateral shoots of higher plants which have a very limited 
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growth that the internodes expand in a plane which also includes the axis of length, and 
thus become leaf-like, as in Ruscus , Xylophylla> &c. 

In leaves the principal growth is usually in a plane which cuts the stem transversely, 
and is mostly symmetrical right and left of a plane which includes the axes of length 
both of the leaf and the stem ; the common form of leaves is therefore that of thin 
plates symmetrically divided in half in the direction of their length. There occur, 
however, cylindrical and roundish tuber-like leaves, in which the growth has been nearly 
equally rapid in all diameters at right angles to the axis of the leaf, as in Mesembryan - 
themum echinatum 

Sect. 22. Hair (Trichoma ) 1 2 is the term given in the higher plants to 
those outgrowths which arise only from the epidermis, i. e . from the layer of cells 
which always remains the outermost in roots, stems, and leaves, whether these 
outgrowths assume the form of simple tubular protuberances, rows or plates of cells, 
or masses of tissue, or have the physiological character of woolly envelopes of the 
young leaves, root-like absorbing organs as in Muscincce, glands, prickles, or spo- 
rangia as in Ferns 3 . 

Hairs may originate from the primary meristem of the growing point, or from 
young leaves and lateral shoots, if an external layer of cells has already been 
differentiated as dermatogen, as in Phanerogams; but they may originate also in 
much older parts the tissue-systems of which have already become further differ- 
entiated, and which exhibit interstitial growth, because in such cases the epidermis 
produces new cells, for example stomata, and long remains capable of cell- division. 

When hairs spring from the growing point, they are usually formed after the 
leaves, i. c. further from the apex than the youngest leaves ; but it also occurs in 
Phanerogams that they are developed above the youngest leaves and nearer to the 
apex, the outermost layer of cells of the growing point having in this case already 
become differentiated as dermatogen, as in Utrictilaria according to Pringshcim. 
In Muscinece and Vascular Cryptogams also, where the leaves become visible long 
before the differentiation of the external layers of tissue, the hairs do not appear on 
the surface of the stem till a later period and further from the apex. 

If the hairs arise near the apex of a growing point or on a zone of interstitial 
basal growth, as do the sporangia of Ilymenophyllaceae, they may be arranged 
according to a definite law, which is not the case with hairs that spring from older 
organs, or at least not evidently so. 

Hairs are always strikingly different in their form from the leaves and lateral 
shoots of the same plant, although they sometimes bear a certain resemblance to 
these organs in other plants. The development in size of a single hair is usually 
extremely small compared tp that of the member which produces it ; even the mass 
of all the hairs of a leaf, root, or stem is generally quite inconsiderable compared 
to the weight of the organ. 

1 [The leaf is also frequently unsymmetrical, i.e. the growth has not been equally vigorous 
of the two halves separated by the axial plane, as in the lime, Begonia, &c,] 

a Rauter, Zur Entwickelungsgcschichte einiger Trichomgebilde, Vienna 1871, p. 33. — Compare 
also Sects. 15 and 19 (b). — Wanning, Sur la difference entre les trichomes et les cpiblast6mes, d'un 
ordre plus eleve (extract fiom the Videnskabelige Meddclelser de la societe d’Hist. Nat. de 
Coj>enhague, nos. 10-12, 1872. 

3 [Hairs may develope into adventitious buds, as in Begonia ; see Caruel, Trasformazione di 
peli in gemme, Nuov. Giorn. liol. Ital,, July 1875.] 
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(a) The woolly and glandular hairs on buds are distinguished by a remarkably 
rapid growth ; they are often perfectly formed long before the parts of the bud unfold, 
but then they generally die off; the persistent hairs which remain during the life of 
the leaves are formed much more slowfy, and are marked by a great variety of form. 
The 'root-hairs are formed at a considerable distance from the growing point of the 
root, often from i to a cm. from the apex, and mostly die off after a few days or 
weeks, so that the older parts of the roots of even annual plants arc destitute of living 
hairs. The existence of these hairs is connected with the activity of the roots in the 
ground. 

The root-hairs which spring from the stems of Mosses are marked by a very long 
continued apical growth, and often by repeated branching. They consist of cells divided 
into rows by oblique septa, and, viewed physiologically, replace the root-system of 
vascular plants. These root-hairs of Muscinese are remarkably endowed with generative 
power, and behave in many respects like the Protonema, a means of propagation pecu- 
liar to Muscinese; like it, they produce gemmae, which, when exposed to light, grow 
into leafy stems. If the root* hairs themselves are exposed to the air (e.g. by turning 
up a sod) they put out rows of cells containing chlorophyll, on which also gemn.ac 
arc produced. 

(b) Thallophytes, when they consist of a mass of tissue, also form true hairs, like 
Cormophytes ; but when the thallomc consists only of one layer of cells, or, like Cauletpa 
and others, is unicellular, one can no longer speak of an external layer corresponding to 
the epidermis ; and its hair-like outgrowths cannot therefore be considered as trichomes 
in the same sense as those of the higher plants. Nevertheless it is customary to speak in 
such cases also of hairs, when the outgrowths are long and slender, destitute of chloro- 
phyll, and otherwise dissimilar to the thallus which produces them. On the other hand 
structures occur in highly organised plants which are closely analogous to many forms of 
hairs in their physiological, and partly also in their morphological properties, but which 
differ from true hairs in not originating from single epidermal cells, but consist of 
outgrowths of the tissue which lies beneath the epidermis, remaining however covered 
by a continuation of it. Examples of such structures, which may perhaps be dis- 
tinguished by the term Emergences, are alforded, according to Rauter, by the prickles 1 
and glandular hairs of roses, and perhaps also of the various species of Rubus . Closely 
related to these are probably the warts, tubercles, and knobs on the surface of many 
fruits (according to Warming, for example, on the fruit of Datura Stramonium , and, 
according to my own observations, on that of Ricinus). To the same category belong 
the ‘beards' of ihany petals (according to Wanning, e.g. those of Menyantbcs tri/oliata ) ; 
the ‘ tentacles ' on the leaves of Drosera , the sharp hairs beneath the calyx of Agrimcnia 
Eupatorium , the pappus of Composite, &c. Larger emergences of this nature may even 
be penetrated by branches of the vascular bundles from the organs which produce them, 
as in Drosera , Datura , &c. They resemble the leaves and branches of Phanerogams in 
their origin and mode of formation, while they agree with hairs in the late period at 
which they are produced, their occurrence on stems and leaves, and their frequently irre- 
gular distribution both as respects one another and the organ on which they grow. The 
classification adopted by Warming (/. c. p. 27), viz. including emergences under the term 
trichome, and dividing this class of structures into two sub-class :s, hairs and emergences, 
seems to me, if not false, at all events inconvenient ; because it becomes impossible to 
give any exact definition to the term trichome. The fact that emergences constitute a 
transition between trichomes, in the stricter sense of the term, and leaves or secondary 
axes, does not justify including them under the former term ; they might as well be 
treated as branches of leaves or of stems. If the occurrence of transitional structures 
were held to prevent our distinguishing certain groups of members sharply from one 
another, then the distinction must be abandoned between phyllome and caulome, or 

On spines, which must not be confounded with prickles, see Sect. 28. 

M 
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between caulome and root, since transitional structures occur also in these cases. The 
occurrence of these transitional structures in nature is in itself a reason for framing exact 
definitions. Definitions are not in themselves objects; but are means for arranging 
objects, and for enabling us to understand them. 

Sect. 23. The term Root 1 is applied, in botanical morphology, in contrast 
to its use in popular language, only to 'such outgrowths of the substance of the 
plant as are clothed at their growing apex with the Root-cap already described in 
Sect. 19. Roots do not form leaves or other exogenous foliar structures; their 
epidermal cells, on the contrary, generally develope into long tubular appendages, 
the Root-hairs. The apex of every root which is just beginning to be formed lies 
beneath the surface of the organ from which it proceeds 2 ; it is then usually 



FlG. lao.—Longitudinal section through the 
young primary root of the embryo of Marsttra 
snlva/rtx ; it's the apii al cell, wh’, ivh", t vk'" 
the still simple layers of the root-cap; *, y the 
last segments of the substance of the root ; t t 
intercellular s aces. 


Fig. 131. — Longitudinal section through a somewhat older primary root of Martiltit salvatrtx; "tvs the apical cell ; 
ii'M the first, wAS 4- iuh\ the second, to A* the third layer of the root-cap, each layer now consists of two divisions;'* y the 
youngest segments of the substance of the root; o epidermis; g / fibro-vasculor bundle; A the part of the root-cup which 
extends farthest bade. 



covered with thick layers of tissue, which it breaks through in its further growth. 
Hence roots are always endogenous formations, by which character they are dis- 
tinguished from all trichomes and leaves, and from most lateral shoots. 


1 Nageli und Leitgeb in Nageli’s Beitragen zur wissen. Bot., Heft IV, 1867.— IJofmeister, 
Morphologie der Gewebe. Leipzig 1868, Sect. 5. — Ilanstcin, Botan. Abhandlungcn. Bonn 1870, 
Heft I. — Dodel, Jahrb. fur wiss. Bot., vol. VII. p. 149 et stq. — Reinke, Wachsthumsgeschichtc der 
Phanerogamenwurzel, in Hanstein’s Botan. Untersuchungen, Heft III. Bonn 1871. — Van Tieghem, 
Recherches sur la symetric de la structure des plantes vasculaires, Fasc. 1, La racine, Paris 1871 ; 
(also in Ann. des Sci. Nat., 5th ser., vol. XIII, 1871.) 

9 I choose this expression because it appears also to fit the primary root of the embryo of 
Vascular Cryptogams. 
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Roots occur only in those plants the tissue of which is traversed by fibro- 
vascular bundles, and they themselves therefore always contain fibro-vascular 
bundles ; but these latter differ from those of the stem and leaves in the first 
vessels being formed near the circumference of the bundle, while the later 
ones are always formed further inside, and hence centripetally in reference to 
the diameter of the root The phloem-bundles lie in the intervals between the 



Fft;. ia?.— Longitudinal section through the apox of a root of maize ; a a outer and older layers of the root-cap : / / inner 
and younger layers; s npex ; m gf the pleromc ; w becomes the pith, x a vessel, yxylem ; jrrthc cortex which is produced 
from the peribleiu at the apex; er epidermis, continued into the (L-rmatogen al the apex; vv thickened outer wall of the 
epidermis (cuticle); (the origin of the root-cap from the dcruiatogcii is not evident heic; the figure was drawn long before this 
discovery). ^ 

primary vascular bundles at the circumference of the fibro-vascular cylinder (see 
Sects. 16, 18.) 

Although roots are commonly present in vascular plants, i. e. the higher 
Cryptogams ^ind all Phanerogams, there occur even in these groups particular species 
which they are entirely absent. Thus among Rhizocarpeae the genus Salvinia % 

M 2 
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among Lycopodiaceae the genus Psilo/um, among Orchideae Epipogum Gmelim and 
Corallorhiza innata, are destitute of roots ; the little Lemna ( Wolffia) arrhizd does 
not form roots, and is at the same time destitute of vascular bundles. 

With reference to the place of their formation roots are remarkably variable. 
A root is usually present even in the young embryo which proceeds from the 
fertilised ovule (but not in Orchideae) ; it appears at the posterior end of the em- 
bryonal stem, and may be termed the Primary Root , whether it remains weakly 
and soon dies, as in Cryptogams and Monocotyledons 1 , or whether it continues 
to grow more vigorously, like the rest, as in many Dicotyledons. But besides the 
primary roots, there are usually formed in addition a large number of Secondary 
Roots, or simply Roots; since they are enormously more numerous than the 
primary roots, and of much greater importance to the plant, a special name is 
superfluous where the contrast to the primary root is not of importance. They 
arise in the interior of the primary or secondary roots, and on stems and 
petioles. The primary root with its secondary roots, or any root with its lateral 
roots, may be termed a Root-system. With the exception of many Dicotyledons 
with a persjstent strongly developed primary root, the majority of roots spring 
from stems, especially when these latter creep, float, climb, or form bulbs or tubers. 
In Tree-ferns the stem is often densely covered throughout its whole length with 
a felt of delicate roots. In Ferns with densely crowded leaves in which no portion 
of the surface of the stem is left bare, the roots spring exclusively from the 
petioles, as, for example, in Nephrodium Fit ix -mas, Asplenium Filix-focmina , Cera- 
topteris thahetroides , &c. ; sometimes the fronds put out roots as in Merlensia 2 . 
When the stem possesses clearly developed nodes and internodes, the roots usually 
spring from the former ; thus, for example, exclusively from the nodes in Equisc- 
taceae, and most commonly so in Grasses. 

Roots owe their origin either to the primary meristem, or to partially differentiated 
masses of tissue, or finally to a secondary meristem enclosed between layers com- 
pletely differentiated. The primary roots of embryos arise from quite undifferentiated 
primary meristem; the lateral roots of Cryptogams, as Nageli and Leitgeb have 
shown, originate near the growing point of roots, where the differentiation of their 
tissues first begins; and with Phanerogams the same is the case. But stems may 
also produce roots near their growing point, where the differentiation of the primary 
meristem first commences; this occurs in the case of the creeping stems of Khizo- 


1 [On the primary root of Monocotyledons, which disappears at an early period, see Falkcnberg, 
Vergleichende Untersuchungen liber den Bau der vegetationsorgane der Monocotylcdonen. Stutt- 
gart 1876.3 

* A leaf of Phaseolus multifiorus cut off at the pulvinus and placed in water developed from the 
callus an abundant root-system, and remained living for some months. [The leaves of Ficus elasiica 
behave in the same way.] According to Van Tieghem, the cotyledons of the sunflower, scarlet 
runner, Cucurbita maxima , Mirabilis Jalap pa, &c., when laid on damp moss in a temperature of from 
22 0 to 25 0 C., produce in a few days a number of roots ; and this takes place even if the cotyledons 
are cut into small pieces, the roots then proceeding from the sections of the vascular bundles. I have 
myself seen a seedling of Cucurbita covered up too thickly with earth put forth long roots from its 
cotyledons. See further Dodel, Jahrb. Air wiss. Bot. vol. VIII. p. 177. 
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carps and in Pier is aquilina. Roots are formed out of a secondary meristem much 


further backwards from the growing point, where 
the tissue is already completely differentiated, in 
older portions of stems, and especially when 
mutilated, or when kept dark and damp. 

The order of development of the secondary 
roots is, according to N&geli and Leitgeb, dis- 
tinctly acropetal in the primary roots of Crypto- 
gams, where they arise near the apex; new roots 
are probably never formed* in these plants be- 
tween those already in existence. The same is 
probably always ‘the case where roots are pro- 
duced in the primary meristem or near the grow- 
ing point of the stem, as in Pilularia , Mars ilea, 
Cereus y &c. But even where their origin is 
further from the apex, as with the lateral roots 
from the primary root of Phanerogams and 
from many stems, such as the maixe, they gener- 
ally appear in acropetal order ; but owing to 
subsequent disturbance roots may arise adven- 
titiously, i. e. in abnormal positions, especially on 
older primary roots of Dicotyledons. 

Secondary roots usually make their appear- 
ance on the exterior of the fibro-vascular bun- 
dles ; the fibro-vascular bundle of the secondary 
root is then placed at right angles, or nearly so, 
to those of the mother-root ; the cortex is then 
only incompletely continuous with that of the 
latter, the epidermis not at all so. The case 
is different in the primary roots of embryos, 
which are formed early and mostly so near the 
surface of the embryo that a complete con- 
tinuity is possible in all the tissue-systems be- 
tween stem and primary root ; but in Grasses 
and some other Phanerogams the first root 
arises so deep in the interior of the substance 
of the embryo that it is covered, in the fully 
developed embryo of the ripe seed, by a thick 
layer of tissue (Fig. 124, ws), which is ruptured 
on germination (Fig. 123, ws), and is known by 
the name of Rool-shealh or Colcorhiza. Similar 
formations occur also in the first lateral roots of 
seedlings of Allium Cepa , and occasionally else- 
where. But in other cases the secondary roots 
which arc formed deeper in the tissue simply split 



FlG. iv}— Germination of maize in the order/, II, 
III ; A and />' the embryo separated from I, m A 
seen in front, in II from the side ; w the primary root ; 
ws its root»sheath ; w r , w ,f , w' n secondary roots ; 
e the part of the seed filled with endosperm ; k the 
plumule ; sc sculullnin of tile embryo ; r r its open 
margins; b b' b" the first leaves of the seedling 
(natural size). 


the layers of tissue which cover them, and project from a two-lipped chink. 
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The typical form of roots is filiform and cylindrical ; their section is usually 
circular when not altered by external pressure. It is only when roots undergo 

a secondary increase in thickness, and serve 
as reservoirs for reserve-material, as in 
many Dicotyledons and some Monocoty- 
ledons, that the original filiform shape is 
changed into the fusiform or into tuberous 
swellings, as in the turnip, the tuberous 
roots of the dahlia, Bryonia , Asphodelus , &c. 

Roots rarely form chlorophyll, and 
even then, as in Menyanthes , only in small 
quantities ; usually they are quite colour- 
less, not only when they grow in the 
ground, hut also in water or air. 

A secondary basal growth appears never 
to occur in roots, as it does in many 
leaves and internodes when the regions near 
the apex have already been transformed 
into permanent tissue. Interstitial growth 
behind the apex often continues, however, 
for a long time (in Lycopodiacea? accord- 
ing to Ncigeli and Leitgeb) ; the extension 
of the tissue commences immediately behind the terminal part of the root formed 
of primary meristem, an arrangement by which the elongation of the roots in the 
ground is essentially assisted. 

(a) The primary root of the embryo of most Phanerogams gives the impression of 
being entirely exogenous, as if its apex were the actual posterior termination of the 
embryonal stem ; but its first origin is endogenous ; for the posterior end of the embryo 
is originally attached to the ‘pro-embryo’ or suspensor in Phanerogams, and the primary 
root is, at its first origin, covered by this l . There was formerly some doubt as to 
the endogenous origin of the primary root of Ferns and Rhiz iearps; but when it is 
observed that the root is not constituted as such until the apical cell has thrown off the 
first layer of the root-cap, it is evident that in this case also the apex of the new root 
lies from the first inside the tissue of the embryo* 2 . 

(b) The origin of lateral roots in a mother-root is always on the outside of its 
axial fibro-vascular or plerome-cylinder ; and the points where the new formation com- 
mences is — with a few exceptions among Phanerogams — on the outside of the vascular 
bundles, so that each bundle corresponds to a longitudinal row of secondary roots. 
There are however some differences between the phenomena in Cryptogams (Kerns, 
Marsileacczc, and Kquisetacea* 3 ) and Phanerogams, w*., that in the former the roots 
originate from the innermost cortical layer or pleromc-shcath which surrounds the 

1 A more exact account of this, according to Hanstcin’s researches on the formation of the 
embryo, will be given in Book II, on the Characteristics of Phanerogams. 

“ Compare the drawings of the embiyos of Ferns and Rhizocarps in Book II. 

3 In 1 .ycopodiacene (and according to Van Tieghcm, Ophioglossace®) no lateral roots arc 
formed in the mother roots, fhc roots branching dichotomously, and the growing point which is 
enveloped by the root cap splitting into two growing points, each of which forms its own root-cap 
(see Fig. T38, p. 182). 



Ftc. t.ont»itinliiMl soi t ion through a gram of iiui 

about f») ; c pernarp; n remains of the stigma; f\ base 
the gram ; re hard yellowish part of the emlospeini ; ere whit 
less dense part of the endosperm ; n m uttllurn ot the embiM 
0 its point, e its skm ; k plumule, re (below) the primal 
n>ot; vi ' j its root-she.it h ; re (above) secondary loots sptm^iti 
fiom the first mternodc of the embryonal stein U. 
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fibro-vascular bundle, while In Phanerogams they proceed from the pericambium which 
is enveloped by the plerome-sheath (see Sects. 16, 18). In the Cryptogams named 
above the new roots originate each from a single primary mother-cell, and there are 
always particular cells of the plerome-sheath which give rise to the rudiment of a root, 
while in Phanerogams, on the contrary, several of the pericambial cells take part in 
the production of each secondary root. Another difference consists in this, that the 
plane of symmetry of the secondary root is, in Cryptogams, at right angles to that of 
the mother-root, while in Phanerogams (according to Van Tieghem) the two coincide, 
at least when the mother-root and lateral roots each contain only two vascular 
bundles. 

In Perns, Marsileaceae, and Equisetaceae, where the root developes with an apical 
cell which becomes seg- 
mented on three sides, 
and contributes tlfe cap- 
cells to form the root- 
cap (Sect. 19), the for- 
mation of the lateral 
roots commences with 
cell-divisions, by which 
a three-sided pyramidal 
cell is formed with its 
base outwards, which be- 
haves as the mother-cell 
of the young root. These 
mother-cells of the la- 
teral roots lie in the 
plerome-sheath of the 
axial bundle, in front of 
its groups of vessels, 
and are therefore sepa- 
rated from the outer- 
most of these vessels 
by the pericambium. 

Further transforma- 
tions take place sub- 
sequently in the peri- 
cambium, in conse- 
quence of which the 
fibro-vascular cylinder 
of the lateral root co- 
alesces with that of the 
mother-root. This does 
not take place, however, 
in Equisetaceae, where there is no pericambium. 

In Phanerogams it is also the general rule, as has already been mentioned, for the 
lateral roots to originate outside the vascular bundles of the mother-root. An excep- 
tion to this is however, according to Van Tieghem, afforded by Grasses, since these 
have no pericambium exterior to the vascular bundles; the new roots originate there- 
fore on the outside of the phloem-bundles which lie between the vascular bundles and 
exterior to which pericambium occurs. The phenomena are also different in Umbelli- 
ferae and Araliaccse ; a secretion-canal lies here in the pericambium outside each fibro- 
vascular bundle ; and the lateral roots are therefore formed midway between each pair 
of bundles, and therefore outside the phloem-bundle. 

In Phanerogams, according to Reinke, the commencement of a lateral root is 



I : if unj. — Mrwle of formation of tin* lateral roots from a mother -root of Trafa natans 
(after Reinke). A the perunmlmim (tr), bounded by the plerome-sheath r, splits into der- 
matotfen (/f) and an inner layer », which in H is already again divided. C young secondary 
root enclosed in the tissue of the mother-root ; Ji r coitcx of the latter ; ir the pericnni- 
biuni of the mother-root from which the secondary root has been formed; h the first 
layer of its root-cap, d its derinatogen. D secondary root in a further stuge of develop- 
ment, enclosed only by the plerome-sheath r of the mother-root ; / p its pcriblcm, 
within which is the plcrome m m. 
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indicated by the splitting of several cells of the perlcambium of the mother-root by 
tangential walls, so that it is divided into two layers (Fig. 125, A). The outer layer 
is immediately constituted into dermatogen (d), which afterwards forms the layers of 
the root-cap by tangential divisions ; since each outer iayer of cells which results from 
the successive layers of the dermatogen constitutes a layer of the root-cap (fib). The 
inner layer of cells (A, n n ), which faces the vessels of the vascular bundle of the 
mother- root, then also splits again into two layers (B) ; and further longitudinal and 
transverse divisions follow, by which the primary meristem of the young root is formed. 
This soon divides into periblem and plerome, as may be clearly seen in D, where p p is 
the periblem, and m m the basal portion of the plerome, by which a union is effected 
with the fibro- vascular cylinder of the mother-root. While the young root lengthens 
somewhat obliquely to the axis of the mother-root and downwards, it compresses the 
cortical tissue (D) ; the plerome-shcath {A-D y r) resists disorganisation longest, and, at 
least at first, follows the growth of the young root, surrounding it with a sheath until 
it is destroyed. Finally the young root lengthens and its apex protrudes through the 
cortical tissue of the mother-root. 

(c) In stems lateral roots arise either from the interfascicular cambium (e.g. in Jw- 
patiens parviflora immediately above the soil in the primary stem), or from the outermost 
phloem-layer of the fibro-vascular bundles, which is more commonly the case. These 
layers of tissue then behave like the perieambium of a primary root, as in Veronica Becca - 
bunga y Lysbiiachia tiuntmularia> or the ivy, according to Reinke. 

(d) While the formation of the root-cap, as has already been shown in Sect. 19, 
is proceeding at the apex of the root, its outermost layers pass over into per- 
manent tissue; the cells retain simple forms, but their walls become thicker, and 
in the outermost cell-layers of the cap swell up, become gelatinous, and thus cause 
the apex of the root to appear viscid ; finally they die and become detached. In 
aerial and underground roots the root-cap is closely attached to the substance of 
the root by its oldest layers, which generally extend backwards ; in the roots of Lcm- 
naceai, Stratiotes, and some other plants, which float on the water, it forms a loose 
sheath which envelopes the substance of the root high up, and is only fixed below to its 
apex. 

(e) Roots arc generally clearly distinguished, by the characteristics mentioned 
above, from leaf-bearing shoots ; there occur, however, a few transitional forms 
which show that roots can become directly transformed into leafy shoots, as in 
Neottia Nidus -avis, where (according to Reichenbach, Irmisch, Prillicux, and Hof- 
mcister) older lateral roots of the stem throw off their root-caps and form leaves 
beneath the apex. On the other hand, leaf-bearing shoots cease to produce leaves, as 
in many Hymenophyllacca*, and, according to Mettenius, form root-hairs, and assume 
the habit of true roots (whether they actually form a root-cap is doubtful) ; in these 
species true roots are wanting. In Psilotum triquetrum Nageli and Lcitgcb have shown 
that the apparent roots arc only underground shoots, on which more or less evident 
traces of leaf-formation may be recognised ; they resemble true roots in function and 
in the mode of formation of their tissue, but have no root-cap, and, when they come 
above ground, grow in the manner of ordinary leafy shoots. In Sclaginelleac also, the 
same investigators have shown the presence of leafless shoots (rhizophores) which 
grow downwards, and do not form root-caps until they touch the ground (see Book II, 
Lycopodiaccac). 

We thus see that transitional structures between roots and leafy shoots are found 
even in highly differentiated plants. But even in Algae the thallus is often fixed to 
its substratum by organs of attachment, which may be compared with roots in their 
habit and in many functional properties ; and this occurs not only in the case of the 
large Fucaccae and Laminariea:, but even in the unicellular Vaucheria and Caulerpa. 

In confirmation of the Theory of Descent referred to at the conclusion of this work 
(see Book III. Chap. 7), it is of great importance to know that members differing 
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to the greatest extent morphologically and physiologically are connected by transi- 
tional forms, and that, especially in the branched thallomes of Algae, the rudiments 
are to be found of all the differentiations of the higher plants. Distinctions which, in 
the ramifications of the Alga-thallus, are only of a weak, undefined, and rudimentary 
character, increase more and more in the higher plants; points which can be sharply 
defined in the latter become indistinguishable when we are considering the more simple 
Thallophytes. The more the attempt is made to establish exact definitions for single 
forms, the more does one become convinced that all definition, all limitation, is arbi- 
trary, and that Nature presents gradual transitions from the indistinguishable step by 
step to the distinct, and finally to the opposite. 

Sect. 24. Different Origin of Equivalent Members 1 . — (1) The different 
members of a plant spring out of one another ; the members produced may there- 
fore be similar (Homogeneous), or dissimilar (heterogeneous) to the member which 
produced them. In the former case the formation of new members is ordinarily 
termed Branching ; in the latter it is regarded as the production of a now member. 
A root, for instance, branches in the production of new roots, a stem in that of new 
stems, a thallome in that of new thallomes ; in the same sense the production by a 
leaf of lateral leaf- structures must also be considered a case of branching. On the 
other hand the stem produces also leaves, roots, and hairs ; leaves not unfrequently 
produce leaf-bearing shoots, sometimes roots, generally hairs; leaf-forming buds may 
also arise from roots. But since members which are morphologically dissimilar — 
stem, leaf, root, trichome — do not differ absolutely, but only in degree, the difference 
between branching and the production of new members, between homogeneous 
and heterogeneous growth, must be regarded not as an opposition, but only 
as a gradually increasing differentiation of the members which grow out of one 
another. 

(2) New members may originate either by Lateral Budding or by Dichotomy . 
Lateral budding occurs when the producing member, after its previous increase in 
length at the apex, forms outgrowths below it, which are from the very first weaker 
than the portion of the axial structure which lies above them. Dichotomy, on the 
other hand (rarely Polytomy), is caused by the cessation of the previous increase in 
length of a member at its apex, and by two (or more) new apices arising side by 
side at the apical surface, which, at least at first, arc equally strong, and develope in 
diverging directions. Lateral budding may either form structures which are similar or 
dissimilar to the axial structure ; and thus leaves, roots, hairs, or branches arise by 
lateral budding from the stem ; leaflets, lobes, hairs, sometimes leaf-bearing shoots, 
or even roots, from the leaf. Dichotomy, on the contrary, never produces struc- 
tures which are dissimilar to the producing structure ; the divisions of a root 
produced by dichotomy are both roots, those of a leaf-bearing shoot both leaf- 
bearing shoots, those of a leaf both foliar structures ; dichotomy hence always falls 
under the conception of branching in the above-named narrower sense. 


1 Compare the literature mentioned in the previous sections, and in addition, IT. von Mold, 
Pinwea, 1837, p. 487. — Tr^cul in Ann. des Sci. Nat. 1847, voi. VIII. p. 268. — Peter- Fetcrshausen, 
Keilrage zur Kntwickelungsgeschichte der Br^Jknospen. Hameln 1869. — Braun and Magnus, Ver- 
haudlungcn des Bot. Vereins der Provinz Brandenburg, 1871 (on Cnlliopsis). — [Warming, Ramification 
des Phanerogames ; Danish with French abstract. Copenhagen 1872.] 
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Dichotomous branching is very common among Thallophytes, especially Algae 
and the lower Hepaticae ; among Phanerogams it occurs only exceptionally; among 
Vascular Cryptogams it appears to occur in Ferns (e.g. the leaves of Plalycerium 
alcicorne) ; but it is the only mode of branching in all shoots and roots of Sela- 
ginelleae, Lycopodieae, and in the roots of IsoSteae K 

(3) The origin of lateral members, whether similar or dissimilar to the pro- 
ducing member, is either exogenous or endogenous . The former term is applied 
when they are formed by lateral outgrowth of a superficial cell or of a mass of 
cells which includes the outer layers of tissue, as in the case of all leaves and 
hairs and most normal leaf-bearing shoots. A member is of endogenous origin 
when it is covered, even when in a rudimentary condition, by a layer of the tissue 
of the producing member which does not take part in the new formation, as in 
all roots, all lateral shoots of Equiselaccx, and in adventitious buds. 

(4) Lateral members of any kind are almost always formed in considerable 
numbers on the axial structure which produces them, and even repeatedly one 
after another, because the producing structure continues to increase in length, 
and the conditions for similar equivalent outgrowths are repeated. Thus the 
stem, so lorfg as it continues to grow at the apex, produces leaves, hairs, often 
even roots, and generally lateral shoots in great numbers, one after another; 
roots usually form in succession many lateral roots, branching leaves usually several 
segments. If the apical growth ceases early, the number of the lateral members is 
also limited; thus the short primary stem of Welwilschia mirabilis produces only 
two leaves. When the increase in length of the stem is very slow, the formation of 
lateral shoots from it is sometimes altogether suppressed, as in Isoelcs, Bolrychium , 
and Opliioglossum . 

(5) An axial structure may produce either several equivalent lateral members 
at the same level, or only one; in the second case the members formed in 
succession are termed solitary , in the first case a Whorl or Verticil. Leaves 
often occur in whorls, branches less frequently, roots occasionally (in the primary 
roots of Phanerogams). In the same whorl the members may arise either simul- 
laneously , as the petals and stamens of many flowers, or the foliage-leaves of 
many Phanerogams; or succcssivily , as in Characeae and Salvinieae. A whorl is 
a true one when the zone on which the lateral members are inserted is trans- 
verse from the first, as occurs in both the last-named plants and in many flowers ; 
Spurious Whorls, on the other hand, are formed by displacement and unequal 
growth in the axis, as in Equisctaceae, where the leaves, roots, and branches arise 
from transverse zones which are themselves formed by displacement of three segments 
of the stem -. 

(6) Similar and equivalent lateral members usually arise on their common 
axial structure in acropetal or basifugal order, t.e. the younger a member is the 


1 For further details of lateral branching and dichotomy see the conclusion of this section and 
Sect. 25. 

2 The three segments, which together form the p^iphery of the stem, stand at first at different 
heights, but arrange themselves, as Rees has shown, in a transverse zone, which developes ex- 
lernally a circular protuberance, the rudiment of the leaves (see Book II, Equisetaceae). 
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nearer it is to the apex. The lateral members which are formed from and suffi- 
ciently near the growing apex of an axial structure are apparently always acropetal ; 
but the order is disturbed when lengthening at the apex ceases and new forma- 
tions occur in the primary meristem below it, as in many flowers and in the 
abnormal inflorescence represented in Fig. 126. The lateral members formed at 
a greater distance from the growing apex of the axial structure are sometimes, 
but not always, acropetal Since branching and the formation of lateral members 
out of the growing point occur in nearly all plants, and, by their regular repetition 
at definite points of the growing axis, determine the external form of the plant, 
they may be considered as normal , in opposition to the adventitious production of 
members which takes place at the older parts of the axial structure at a distance 
from the apex and without definite order. Such new formations are equally adven- 
titious even when they are of 
great importance to the plant 
from a physiological point of view. 

Adventitious shoots are generally 
formed internally by the side of 
the fibro-vascular bundles of the 
branch, leaf, or root ; but it does 
not follow from this that all en- 
dogenous shoots are adventitious. 

All the shoots of Equisetaceae are 
endogenous in their origin ; but 
they are not adventitious, since 
they are produced in the primary 
meristem below the apex of the 
inother-shoot, and in a perfectly 
definite order. It is equally in- 
correct to call all roots adventi- 
tious although they arise in the 
interior of the stem, leaves, or 
roots. They are adventitious 
only when they occur in older parts, and even then not always; when they 
arise close to the growing point of a mother-root or a stem, they are arranged 
in strictly acropetal order, and are for that reason not adventitious. When a 
member has a basal zone of growth, and produces lateral members from it, they may 
be arranged in basipetal order, as the sporangia on the columella of Hymenophyl- 
lacese,. according to Mettenius, or the segments of the leaves of Myriophyllum. 

(7) When in the higher plants a new individual is formed destined for per- 
manent and independent growth, a leaf-bearing axis is first constituted, i.e. a 
shoot on which roots, hairs, and lateral shoots subsequently arise. In all vascular 
plants this first shoot arises immediately out of the sexually-produced embryo ; and 
the externally undifferentiated embryo must therefore be considered as itself a 
primary axis 1 . In Muscineae, on the other hand, the sexually-produced embryo is 



FIG. —Median lonfjitudiii.il section through a young liifloresri 
the sunflower, the bn id axis of width has been injured at the apex i, and has 
The atone * * commenced instead an inter- 
iry growth, and haved as an apical region taking the place of the 
acts and flowers, of this, apical portion have in consc- 
l from above downwards in a centrifugal direction; while 
<re the injury to the apex they wore produced at « « in tin* normal 
r acropet.dly The relative position of the bracts and flowers Is also the 
•rse in the abnormal part of the inflorescence of wh.it we hud normally. 


Compare what will be found under Rhizocarpeas and Angiosperms in Kook II. 
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transformed into the sporogonium, a structure without leaves, roots, or branches, 
the sole function of which is the production of spores. A new Moss-plant is, 
on the contrary, constituted by the production of a leaf-bearing shoot from 
a branch of the alga-Iikc Protonema, which branches, strikes root (by root- 
hairs), and is independently nourished. The shoot first produced, from which 
are developed the rest, is termed the Primary Shoot ; it is often more strongly 
developed than its lateral shoots, as in most Ferns, Cycadeoe, Coniferse, Palms, 
and Amentiferse. The primary shoot produces Lateral Shoots of the first order 
or Secondary Shoots , these again lateral shoots of the second order, and so on. 
Nevertheless it often happens that lateral shoots of any order take root and 

become detached from the primary shoot ; 
they then assume all its peculiarities, and 
may equally be considered as primary 
shoots. But it also happens that the 
primary shoot itself is arrested at an 
early period, while new orders of shoots 
proceed from it which gradually become 
more vigorous, as in many bulbous and 
tuberous plants. Shoots which become 
del ached from the mother-plant when but 
slightly developed, continue to grow by 
independent nourishment, and repeat the 
peculiarities of the primary shoot, are 
called Genuine or Bulbils ; they are often 
adventitious shoots ; but bulbils may also 
be shoots of normal origin, as in many 
species of Allium. 

Now that we have already spoken of 
the origin of leaves, hairs, and roots, and 
entered sufficiently into detail on the more important points (Sects. 20, 21, 22), it only 
remains to go a little further into the various modes of origin of leaf-bearing shoots. 

(a) In many Ferns leafy shoots arise from Leaves, and especially when the stem 
branches but little or not at all, as in Nephrodium Filix-mas , Asplenium Filix-foemina , 
Pteris aquilina , &c. In these species the buds spring singly out of the lower parts of the 
petiole at a greater or less height above its insertion. In other species it is usually 
the lamina which produces numerous buds, generally in the axils of the pinnae, as in 
Asplenium decussatum (Fig. 127), A. Bellangcri , A. caudatum , Ceratopteris t halt ctr aides, or 
on the surface of the leaf itself, as in Asplenium furcatum , &c. In all these cases the 
buds produced on the leaves are exogenous in their origin, and those on the petioles 
of the first-named species arise, while the leaves are still very young, out of single 
superficial cells 1 . These shoots take root while still in connexion with the mother-leaf, 
but sooner or later become detached ; in Nephrodium Filix-mas and Pteris aquilina often 
only after some years, when they have already acquired considerable strength, and the 
base of the mother-leaf has died off and decayed. 

In Phanerogams buds also occur on leaves, although much more rarely. The best 



Fir. 137 —A\flenium decussatum; middle part of a 
mature leaf ; its mid-rib st bears the pinna* //; at t lie base 
of one of these is formed the bud A', winch has also already 
put out a loot (natural size). 


1 Ilofmeister, Beitrage zur Kcnntniss der Gefass-Kryptogamen, vol. IT. Leipzig 1857. 



DIFFERENT ORIGIN OF EQUIVALENT MEMBERS. 


*73 


known are those which are formed abundantly in the indentations of the leaves of 
Bryophyllum calyctnum ; according to Hofmeister 1 * they arise before the complete un- 
folding of the leaf as small masses of primitive parenchyma in the deepest parts of the 
incisions of the leaf. In the aquatic Utricularia vulgaris weak shoots arise, according 
to Pringsheim a , mostly in the neighbourhood of the axils of the divisions of the leaf ; in 
both cases these shoots are of exogenous origin. Nothing is known of the develop- 
ment of the buds produced on the leaves 
of Atherurus ternatus or Hyacintbus Pouzolsii 
(Doll, Flora von Baden, p. 348). 

(b) Adventitious shoots springing from 
Roots are always endogenous; they arise, 
according to Hofmeister, in the neighbour- 
hood of the fibro- vascular bundles or in the 
cambium, as in Ophioglossum } Epipactis mi - 
crophylla , Linaria vulgaris , Cirsium arvense , 
the aspen, and apple. 

(c) Adventitious Buds arise moreover 
in an endogenous manner under peculiar 
circumstances from older detached leaves 
or pieces of stem and root, especially when 
kept damp and in darkness. On this de- 
pends the propagation of many plants in 
gardens, as of Begonias from leaves, Marat - 
tias from their thick stipules, &c. Adven- 
titious buds also sometimes appear in con- 
siderable quantity in old stems of woody 
plants; this occurs on the callus formed 
between the bark and the wood, when 
the stem is cut off above the root. The 
branchlets which break out in old stems 
of Dicotyledons and Monocotyledons are, 
however, often not true adventitious shoots, 
but old dormant ‘eyes* which have been 
left behind, having been formed at an 
earlier period as normal exogenous axillary 
buds, when the stem itself was still in the 
bud-condition ; they had become enveloped 
by the bark as the stem increased in thick- 
ness, and carried on a feeble existence, 
until placed in a condition for active 
growth by a favourable accident, as the 
removal of the stem above them (Hartig). 

(d) In the genus Isoetes the leaf-bearing shoot arises exclusively from the fertilised 
germ-cell or embryo, and forms neither normal lateral buds out of the stem nor any 
from the leaves or roots, nor any kind of adventitious buds. 

(e) The Normal Formation of Lateral Shoots from the primary meristem of the growing 
point of the primary axis is endogenous in Equisetaceae 3 . With the exception of the 
primary axis which is developed out of the embryo, all the lateral shoots are here of 



t»8.— l quisttuvi arvtu\g ; longitudinal section through 
an underground bud in March ; ss the upit al cell of the stem ; 
fi — 9^ its leaves ; A* A 7 two endogenous lateral buds exposed by 
the section. The youngest rudiments of buds are to be found, 
however, at b ", atnd they have probably begun to be formed 
even at a greater height (x 50). 


1 Hofmeister, Allgemeine Morphologic, p. 433. 

* Pringsheim, Zur Morphologic der Utricularien ; in Monatsb. der k, Akad. der Wissen. Berlin 
1869. 

8 [Some doubt is, however, now th own on thii exception ; see Book II, Equisetacere.] 
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endogenous origin (Fig. 128, K AT); they are developed out of a cell in the interior of 
the tissue of the stem near to the growing point, and afterwards break through the base 
of the older leaf-sheaths. In some Jungermannie* the normal terminal branching of 
the stem takes place partially or entirely by endogenous formation of shoots l . 

With these exceptions all normal lateral branches produced at the cone of growth 
of the bud or in its neighbourhood are, like the leaves, exogenous. 

(f) The lateral branches which arise normally below the growing apex of a mother- 
shoot are always produced in acropetal order, like the leaves, with which they exhibit 
various relationships as to position, age, and number. 

(a) The numerical relationship of the lateral branches to the leaves formed on 
the same axis is variable. If the number is unequal, a greater number of leaves 
than of branchlets usually arises on the same axis; in Muscineae, Ferns, Rhizocarpese, 
Cycadeac, and Conifer® a much larger number. A branchlet may arise when a de- 
finite number of leaves has been formed, as in many Muscinese and some Ferns, or 



Fit.. 129.-- I.onjjjtuiliiwl section through the apical 
region of a branch of < If wafts tifufoiia; % apex of the 
stem; bh leaves; gg the first traces of spiral vessels, 
bending' out uninterruptedly from the stem into the leaves. 


Fit'.. 1 ;o.— Bulb of Witvcan bottyoufrs ; one of the 
lower bulb-si alts is thrown ba« k, in order to show the 
numerous Inuls standing side by side in its axil. 


the formation of a branchlet results when the increase in length of the primary axis 
and the formation of its leaves ceases for a time and is subsequently renewed, as 
in Abies . When the leaves stand in whorls, the number of the lateral branches 
may be equal to that of the members of the whorl, as in Equisetaceae, or smaller, as 
in Characeae. It is unusual for the number of branchlets to be larger than that of 
the leaves, but this occurs in some Angiosperms, where two or more lateral buds often 
arise side by side above a leaf (Fig. 130), or one above another, as in Aristolochia Sip ho , 
Gleditschia , &c. In most Angiosperms the number of the lateral branchlets (with the 
exception of the flower-shoots) is, at first, the same as that of the leaves; but usually 
only a much smaller number continue to develope. 

(j 3 ) The relationship in position and origin of leaves and branches is constant in each 
species and often in a whole class of plants. The lateral branches arise below the leaves 
(according to the acute investigations of Leitgeb 2 ) probably in all Mosses, as well as in 


[See Leitgeb, Bot. Zeit., 1^72.] 

I^itgeb, Beitriige zur Entwiekelungsgeschichte der Pflanzenorgane, in Sitzungsbcr. der kais. 
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the Hepaticse Radula and Lejeunia ; the branch springs (as shown in Fig. 116, jt, p. 153) 
out of the lower part of a segment of the stem, the upper part of which has developed 
into a leaf. In Fontinalts this occurs below the median line of the leaf, in Sphagnum 
laterally below one half. According to the same observer, the lateral branches arise 
in place of a half-leaf beside the remaining half in many Jungermannieae, as Frullania* 
Madotheca , Mastigobryum , Jungermannia trichophylla If each tooth in the leaf-sheath 
of an Equisetum be considered as a leaf, the buds originate at the side of the leaves and 
between them, for they break through the leaf-sheaths between the teeth. In Characeae 
and Angiosperms the normal lateral branchlets spring from the acute angle which the 
leaf forms with the stem (Figs. 129, 131)., Usually only one is formed above the middle 
of the insertion of the leaf, or two or three one above another; sometimes several 
are formed side by side, as in the bulbs of Muscari (Fig. 130), and the flowers in the 
axils of the bracts of Musa. Such branchlets are called Axillary Shoots ; in Angio- 
sperms the branching is, with a few doubtful exceptions, always axillary 2 . 

The axillary shoot is usually so situated that it is attached both to the Subtending leaf 
in the axil of which it grows and to the primary axis, and is therefore in direct con- 



FlG. iji,- Apical region of a primary axis 
of JUrtamnus / raxtnelltt, scon from above; 
j- apex of the primary uxis ; b b b I he youiitf 
leaves ; kk their axillary buds, tilt* two young- 
est leaves have not yet axillary buds. 



FIG. 132 — Yount; inflorescence of Ixatis 
taurtca , seen from above; s apex of the 
axis of the inflorescetu. e ; the flower buds 
appear beneath it (in whorls of four) ; the 
youngest arc still simple leafless elevations. 


nection with both. But it is not unusual for the lateral shoot to advance along the 
primary axis and thus lose its connection with the subtending leaf 3 , or contrariwise to 
appear as if attached to the base of the leaf away from the axis. Examples of both are 
furnished by the sporangia of Lycopodium and Selaginella . The advance of the axillary 
shoot along the base of the subtending leaf is not uncommon in the inflorescence of 
Phanerogams, where the flower-bud springs from the base of the bract, as in Hippuris 
(Fig. 1 19, p. 155), Amorpha> Salix nigricans , Sedum Fabaria , &c. But, on the other 
hand, the subtending leaf may advance on its axillary shoot, when it originates later than 


Akad. der Wissen. zu Wien, vol. LVII, 1868, and vol. LIX, 1869 ; and Bot. Zeitg. 1871, no. 34. See 
also more in detail, Book II, Muscinese. 

1 Leitgeb, Bot. Zeitg. 1871, p. 563 ; see also Book II, Hepatic®. 

9 [The relationship of leaf and lateral shoot is intelligible in ih^Muscinea, where the two struc* 
tures are derived from the same ultimate segment of the apical cell. In Phanerogams Warming 
considers (/. c. p. xxiii) the leaf and its axillary bud (which are always united at their base) to no 
less form a whole, and to constitute a double organ whose parts have a different morphological 
value and are sometimes equally developed, while in some cases one is developed at the expense of 
the other.] 

* [This occurs not unfrequently in the flowering shoots or inflorescences of Phanerogams, when 
such shoots are termed extra-axillary.] 
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the latter ; in this manner is formed the bract on the flower-bud in Antbemis , Sisymbrium) 
and Umbelliferae. When in addition to this it also happens that after the formation of 
the subtending leaf the basal portion common to it and to the bud lengthens, then the 
former is elevated on the axis of its axillary shoot, and the shoot appears to have no 
subtending leaf, because this latter is placed upon it, and constitutes its first leaf. This 
occurs in Thesium ebracteatum , Samolus Falerandiy Spiraa } Ruta , Tilia (in this case the 
bract and the entire inflorescence), Borraginese, Solanacete, and Crassulacese *. 

(y) In reference to the relative time of production of the leaves and lateral branches 
on a primary axis, the general rule is that axillary buds are formed later than their 
subtending leaves. This is the case in Characcac, Hepaticac, Equisctace^, and, with the 
exception of some inflorescences, in Phanerogams. In the region of growth the sub- 
tending leaf attains a considerable size, even in the latter, before its axillary shoot is 
formed ; and in the meantime new and younger leaves are produced above the youngest 
bud. In those inflorescences, on the contrary, where the formation of leaves is more or 
less suppressed, the bud is often formed immediately after the bract, or at the same time, 
or even earlier than it ; and in the two last cases the bract has often the appearance of 
being a product of the bud (see conclusion of par. 0). It may even happen that when 
the flower-buds are formed very rapidly, the production of bracts is altogether sup- 
pressed, as in most Cruciferae (Fig. 132) 1 2 . 

(6) The fact that lateral shoots arise far most frequently at a greater distance from 
the apex of the stem than the youngest leaves, distinguishes them sufficiently from 
dichotomous branchings, which must always of necessity arise above the youngest leaf. 
But even when the leaves are visible only later than the corresponding buds, is in the 
inflorescence of Grasses, or is even completely suppressed, as in most Crueiferar, it is 
still impossible to confound lateral with dichotomous branching, if, as in these cases, the 
cone of growth greatly overtops the youngest lateral bud, and continues to grow in a 
straight line (Figs. 117, 119, pp. 154, 155). Still more conspicuous is the distinction 
between lateral branching and dichotomy when the primary axis ends in a broad flat 
apical surface, as in the young capitula of Composite. Here the lateral shoots (the 
flowers) are so small in comparison to the mother-shoot, and are from the first placed at 
so great a distance from its apex, and so uniformly on all sides of it, that the mother- 
shoot must be regarded as the independent centre of all new formations. The idea 
of dichotomy supposes, on the contrary, that the mother-shoot ceases as such, and that 
two branches, at first at least equally strong, continue to grow in length in diverging 
directions in its place. 

If it is desired to include lateral branching from the growing point and dichotomy of 
the apex under one common term, in order to distinguish them from the adventitious 
formation of branches from older portions of the stem, leaves, or roots, the expression 
Terminal Branching commends itself. 

Sect. 25. Different capacity for Development of the members of a 
Branch-system 3 . — Systems of similar members originate by branching; out of 
a root a root-system originates, out of a shoot a shoot- system ; when a leaf 
branches, we get a pinnate, digitate, lobed, or incised leaf, &c. We may therefore 
examine the more important relationships of form of such a system, taking into 
account for the time only the relative size and capacity for development of the 


1 See Warming, Recherches sur la ramification des Phan^rogames. Copenhagen 1 872, p. xx. 

a [On the suppression of the bracts in Crucifcrze, see Masters, Joum Linn. Soc. 1875, vol. 
XIV. p. 391.] 

3 N'agcli und Schwendener, Das Mikroskop, p. 599. — llofmeister, Allgcmcine Morphologie der 
G ewe be, Sect. 7.— Kaufmann, Bot. Zeitg. 1869, P- 886.— Kraus, Medic.-Phys. Soc. in Erlangen, Dec. 
£, 1870. — Warming, /. c. 
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branches of the various orders. We may here leave adventitious branchings en- 
tirely out of consideration; for it is evident that in respect to the phenomena 
now under consideration they play no essential part in the building up of the 
whole plant. We have therefore to do only with the branchings which arise at 
the end of a growing shoot, leaf, or root, i. e. with terminal branchings. These 
may be referred (as has already been shown in Sect. 24, div. 2) to two principal 
forms, dependent on the origin of the branching by dichotomy or by lateral 
branching; branch-systems of the first kind may be called simply Dichotomies , of 
the second kind Monopodia . 

A Dichotomous Branch-system, according to the definition given in Sect. 24, is 
the result of the cessation of the growth at the apex in the original direction, 
and its continuation in two new direc- 
tions at newly constituted apical points, 
as is very deadly shown in Fig. 133 \ 

We may term the newly formed branches 
Bifurcations, and the member which pro- 
duces them the Base of the bifurcation. 

Every base can only bifurcate once; but 
every branch may again become the base 
of a new bifurcation 1 2 . 

A Monopodium arises when the gener- 
ating structure, following the direction of 
its previous growth, continues to grow 
at its apex, while lateral structures of a 
like kind arc produced beneath it in acro- 
petal succession, their longitudinal axes 
being placed obliquely or transversely to 
that of the generating member. The 
generating member, since it continues to grow during the branching, may form 
numerous lateral members; for all these it is the common base; hence the name 
Monopodium (Figs. 119, 123, 132). Every lateral branch may again branch in 
the same manner, and thus itself become a monopodium of the second order. 



letter*; .t—K ; tlu* letters t — z irnlit ,ite the of 

the apical cell before it dichotomises ; i is the division-wall by 
which the dichotomy t nmim-nccs ; the segments of the 
apical cells. 


1 Since we have to give here a narrower application to the term Direction of Growth, it will 
be necessary to compare with this Sect. 27. 

2 In Cryptogams with apical cells it may be thought that dichotomy must necessarily be brought 
about by longitudinal division of the apical cell. When the segments arise by transverse division 
this is actually the case, as is shown in Fig. T33 ; but when the segmentation of the apical cell takes 
place in two or three rows, this would necessitate that the dichotomising wall should bisect its 
inferior angle, and thus have a position which is apparently universally avoided in cell-division. 
It is nevertheless possible that a true dichotomy may take place without this. Suppose the old 
apical cell, immediately after the formation of a new one by its sidfe, were to change the direction 
of its longitudinal growth, so that both apices diverge from the previous direction of growth ; the 
old apical cell then represents the apex of a new direction of growth. From this it seems to me 
that we are able to arrive at the distinction between a dichotomy and monopodium. Mutatis 
mutandis this is also true of Phanerogams which have no apical cell. It is necessary here again 
to point out that the occurrence of transitional forms lietween dichotomies and monopodia does 
not prevent our giving an exact definition of these terras ; it is only, in fact, by this very means that 
transitional forms can be recognised as such. 
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Just as the dichotomy may consist of numerous bifurcations, so may a mono- 
podium consist of several orders of monopodial branching. 

These definitions refer only lo the bud-condition of the branch-system. Not 
unfrequently, both in dichotomous and in monopodial systems, the original character 
is maintained in their further growth; the two bifurcations develope, in the case 
of dichotomy, with equal strength and branch uniformly; in the case of a mono- 
podium the primary axis continues to grow more strongly than all the secondary 
axes, and branches more copiously. But it is very oommonly the case that in 
a dichotomous system some of the bifurcations are weaker, or that in a mono- 
podial system some of the lateral axes, 90 on after their formation, grow more 

strongly and branch more copiously than 
/PT* JV J’W the primary axis. In such cases the ori- 

ginal °h aracter *h e branch-system be- 
. M j ' f) comes less and less evident a 4 s it dcvelopes ; 

and it may happen that systems originally 
dichotomous have subsequently the appear- 
. •]( - ance of monopodia, and vice versd. It is 

v\l / V hence impossible to infer from a mature 

y system whether it originated in dichotomy 

r or in lateral branching. It will therefore 

/A r b be desirable to make a simple classification 

rn of the most important changes which a 

*J\ r Av = ii r branch-system undergoes during the de- 
ryy velopment of its members. 

/ V/ < 7 \x A | (i) The Development of Dichotomous 

II J V I Systems may take place either in a bifurcate 

/ / “ or a sympodial manner ; I call a system 

Fir:. ij 4.— Diagram nr ihc various modes of develop- bifurcate when at each fork the two 

branches develope with equal strength, as 
in Fig. 134 , A. The dichotomous system is 
developed sympodially when at each bifurcation one branch developes more strongly 
than the other ; in this case the base of each successive bifurcation forms apparently 
a primary shoot, on which the weaker branches appear as lateral shoots (Fig. 134, B, 
C). The apparent primary shoot, which in fact consists of the bases of consecutive 
bifurcations, may on this account be termed a Pseud-axis or Sympodium. Thus in B 
(Fig. 1 34) the sympodium is composed of the left-hand branches /,/,/; in C of the 
alternate left and right-hand branches l I r. Whether the case represented in B, 
which, on account of its similarity to certain monopodial systems, may be termed a 
Helicoid (bostrychoid) Dichotomy , actually occurs is doubtful (it probably does how- 
ever in the leaf of Adiantum pedatum ). On the other hand the development repre- 
sented in Fig. 134, C is common in shoots of Selaginelleae, and, on account of its 
resemblance to some monopodial systems, may be termed a Scorpioid (cicinal) 
Dichotomy *. 

(2) The development of Monopodial Systems may take place in a racemose 


On Dichotomous Inflorescences see Book II, Phanerogams. 
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or cymose manner; and the cymose development may be either apparently 
dichotomous (or even apparently polytomous) or sympodial. 

(a) A racemose system occurs when the monopodia! mother-shoot continues 
to develope more strongly than all the lateral shoots, and when the lateral •shoots 
of each successive order behave in the same manner in respect to their mother- 
shoot This occurs very clearly, for instance, in the stems of most Conifers 
(especially Pinus, Araucaria , &c.) and in the compound leaves of Umbellifers. 

(b) The cymose development of a monopodial system, or a Cyme, depends on 
the fact that each lateral shoot begins from an early period to grow more strongly, 
and in consequence of this, also branches more copiously than the mother-shoot, 
the growth of which then usually soon ceases. Two principal forms of Cyme 
may be distinguished, according as a pseud- axis (sympodium) is formed or not. 

(a) When two, three, or more lateral shoots arise beneath the growing end of 
each shoot, which develope 
in different directions more 
strongly than their mother- 
shoot, the growth of which 
soon ceases, a false Dicho- 
tomy (or Trichotomy, or 
Polytomy) arises. Fig. 135 
represents the formation of 
a false dichotomy; the shoot 
1 produces the shoots IT , 

II", originally weaker, but 
soon growing more strong- 
ly, while the growth of / 

es ; the same takes place 
with IIP, and IIT\ False 
dichotomies of this kind, which occur abundantly in the inflorescences of Phanero- 
gams, are termed by Schimper Dichasia . Put instead of two lateral branches 

growing out in opposite directions, three or more shoots standing in a true 
or spurious whorl may develope more strongly than their mother-shoot, and 
thus arises an umbellate system, such as is developed in a typical manner in the 
inflorescences of our native Euphorbias; a system of this kind may be called a 
Cymose Umbel. 

( 0 ) The sympodial development of an originally monopodial system occurs 
when one lateral shoot always developes with greater vigour than its mother- 
shoot, as is shown in Fig. 136, A, where the lateral shoot 2, 2 grows more 
strongly than the part 2, 1 of its mother-shoot, and so on. Usually the portions 
of all the shoots which lie below their lateral branches develope more strongly 
than the terminal portions, as is indicated in the figurfe by the thicker lines ; the 
terminal portions (indicated by thin lines) often die off early; the thicker basal 
portions of the different ramifications which proceed from one another then com- 
monly place themselves in a straight line, and have the appearance of a connected 
whole ; like a primary shoot to which the terminal portions of each separate order 
of shoots are attached as if they were lateral branches. The apparent primary 

N 2 



1 *IC. 135.— Diagram of a false dichotomy (dichasuim) ; the numerals Indicate the order 
of development of the shoots of the .system. 
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shoot of the system is called the Sympodium or Pseud-axis . It consists, in 
Fig. 136, B , of the pieces between 1 and 2, 2 and 3, 3 and 4, 4 and 5 ; the weaker 
terminal portions of the respective branches 1, 2, 3, &c. are bent sideways. A 
comparison of Fig. 136 C with A shows that between a sympodially developed and 
a spurious dichotomous system the only point of difference is that in the latter each 
branch produces two stronger lateral branches. If in C one of the branches is 
imagined to be suppressed alternately left and right, the form A results, which is 
then easily transformed into B+ 

Sympodial systems occur in two different forms, according as the lateral 
shoots, the basal portions of which form the pseud-axis, arise always on the 
same side or on different sides of it. 






FIG. 136.— Cymosc branchings represented dfagmmmaticnlly ; F scorpioid (cicinal) cyme ; C dirhnshtm ; D helicoid (bostry- 
choid) cyme; the numerals mdicatc the order of succession of the lateral shoots which spring from one another. 


If the sympodial ramification takes place always on the same side — e, g. always 
to the right, as in Fig. 128, D , or always to the left — the whole system is called a 
Helicoid Cyme 1 or Bostry x ; if, on the other hand, each branch which continues 
the system arises alternately right and left, as in Fig. 136, A, B , the system is 
a Scorpioid Cyme or Cicinus. If in these cases we have to do with leafy shoots 
where the leaves are arranged spirally, a more exact definition of the terms right and 
left becomes needful. It is then necessary to imagine a median plane drawn through 


1 [Some difficulty will perhaps be felt with regard to Fig. D f which stands for a helicoid cyme 
in the text, but which is also identical with the scorpioid cyme of descriptive botany, and corresponds 
to the specific name ‘ scorpioides' given by Linnaeus to several plants in which it occurs. The term 
scorpioid was introduced by A. P. De Candolle (Organographie, vol. I. p. 415), to express a unilateral 
cyme the undeveloped portion of which is usually rolled up. This is the characteristic inflorescence 
of Borragineae, amongst which Myosotis has long been distinguished as ‘ scorpion-grass ' on this 
account. Bravais (Ann. des Sci. Nat. and scr. vol. VII. p. 197) distinguished the helicoid cyme, 
which he defined as having the successive flowers ranged in a spiral round the pseud-axis. He 
amended De Candolle’s definition of the scorpioid cyme by pointing out that the flowers are in two 
rows parallel to the pseud-axis.] 
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the axis of growth of each shoot and through that of its immediate mother-shoot ; 
then, in the helicoid cyme each following median plane always stands right or 
left of the preceding one, following the course of the leaf-spiral ; in the scorpioid 
cyme, on the other hand, the consecutive median planes stand alternately right and 
left. 

(a) In Thallophytes and the Thalloid Hepatic*, dichotomy is very common, but 
monopodial branchings also occur developed in the most various ways. The dichotomous 
branching is unusually clear and generally bifurcate among Alga, especially in Dictyote* 
and species of Fucus (in particular F. serratus). In some there occurs a tendency towards 
a sympodial development of the bifurcations, but usually only at a late period; so 
that the dichotomous branching can be clearly recognised at the ends of the branches 
even with the naked eye. The same is the case, among Hepatic®, in Anthocerote®, 
Riccieac, Marchantie®, and in Metzgeria (Fig. 137), where a flat expansion of the thallus 
or thalloid stem arises between 
the young bifurcations, first of 
all as a protuberance (f /"), 
which however cannot be con- 
sidered as a continuation of 
the shoot, since it has- no apical 
cell or mid-rib; subsequently 
this protuberance disappears, 
as in f " J . 

Distinctly monopodial (la* 
tcral) ramifications arc parti- 
cularly clear in filamentous 
Algae, when the apical cell re- 
mains unbranehed, and lateral 
branches grow only out of the 
individual cells (segments of 
the filament) ; as in Cladophora , 

Lejolisia , &c. It occurs how- 
ever sometimes that lateral 
branches proceed out of the 
apical cell itself, as is espe- 
cially shown in Stypocaulon (Fig, 108, p, 139). In other cases the branching of the 
apical cell is dichotomous, as in Cohochate soluta (see Book II, Algae). 

(b) In the roots of Ferns, Equisetace®, and Rhizocaipc®, as well as in those of 
Conifers, Monocotyledons, and Dicotyledons, the branching is always, as far as is known, 
at first monopodial, and even at a later period the primary root generally remains stronger 
than its lateral roots ; these root-systems are therefore developed in a racemose manner 
(Fig. 133, P* 165); this is seen very beautifully in the root-systems which proceed from 
the primary roots of Dicotyledons when they are allowed to germinate and grow in water. 
Dichotomy of roots occurs only in Lycopodiacc®, and probably in Cycade®, where they 
appear at a later period as systems of bifurcations. According to the most recent 
researches of Nageli and Leitgeb, it is still altogether doubtful whether the branching 
depends, even in Lycopodiace®, on true dichotomy 8 ; but the root-branches of Lycopo- 



TU. 1*7 — 1 hi tlnllus or Mrtgtfetia fureata. hr nulling dichotomously 
(X about is), ftt m midrib ((insisting of st vital layets branching diihoto* 
niously at s s apu.il points of thr bram.hcs, // tht wing like expansions 
of tht thallus, consisting of one layer of rclK , j '/ ff the wings bitwetn the 
nml ribs of ymingi r hi mi lit* (lhe left hand figure is setn from below, the 
right hand one from above ) 


1 For the above-mentioned reasons I share Kny’s view that the branching is in this case 
dichotomous. (See Hofmeister, Allgemeine Morphologie, p. 433.) 

2 Compare Nageli’s Beitrage zur wissen. Botanik, Heft IV, 1867. I would lay less stress on the 
relation of dichotomies to the apical cell, because the latter has scarcely the same decided signifi- 
cation in Lycopodiace® as in Ferns, Equisetace®, and other Cryptogams; and the apical growth 
apparently approaches nearer to that of Phanerogams. 
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dlaceae always arise so near to the apex, and they assume at so early a period the 
character of dichotomies developed in a bifurcate manner, that, until further inves- 
tigation proves the contrary, they must be considered as such. It is scarcely necessary 
to mention in conclusion that when roots branch dichotomously the bifurcations are at 
first covered by the original root-cap, as is shown in Fig. 138. 

(c) Leaves. Bifurcations resulting apparently from true dichotomy occur in the leaves 
of some Ferns, e.g. Platy cerium alcicorne 1 ; and, according to an older statement of 
Hofmeister, it appears that the branching of Fern-leaves generally commences dicho* 
tomously, although mature leaves mostly resemble a monopodium. On a mid-rib 
forming a continuation of the petiole .are placed numerous secondary mid-ribs with 
secondary laciniae (pinnae). Since these branches are apparently always alternate and 
not opposite, and the terminal lobes of the leaves are frequently developed as equally 
strong bifurcations, leaves of this kind may be considered, according to Hofmeister’s 
hypothesis, as dichotomies developed in a sympodial (and indeed a scorpioid) manner, 
the mid-rib representing the sympodium, and the apparent lateral branchlets the weaker 



Flu. 13H. — Dichotomy of tht* root of Isoetn torut/ru (alter 
HofmmMer) (X400); 1 1 ' the apical cells of the branches; 7 vh 
the old root-cap formed before the bifurcation; wh'i the two 
root-caps of the branch.es, sti l covered by the former one ; t 
epidermis.; / parenchyma ; Tytibro-vascul.ir bundle of the root. 



Fit'., ito.—l'art of a male flower of Ricmus communis 
tut through lengthways \/f the basal portions of the coin- 
poundly branched stamens ; a their anthers. 


branches (as in Fig. 134, C, p. 178); a process which is repeated in the segments of the leaf 
itself when the leaf is doubly or many times pinnate. A similar interpretation may per- 
haps be permitted of the simply pinnate leaves of Cycadeac. The repeated branching 
of the stamens in the male flowers of Ricinus appears, according to Payer 2 , to proceed 
from dichotomy, and to a certain extent even from polytomy, commencing at an early 
period. The separate stamens appear as roundish protuberances on the floral axis, and 
each of these immediately forms two or more similar protuberances on its surface, and 
on these the same process is again repeated. When mature, the stamens (Fig. 139) 
appear as if divided dichotomously or trichotomously upon long stalks, the branches 
being developed somewhat irregularly. 

1 The petiole of Adiantum pedntum divides above into two equally strong branches, each of 
which forms a helicoid cyme of ramifications arising probably by dichotomy ; the weaker branches 
of the helicoid cyme stand upright and their numerous pinna: form a scorpioid cyme produced 
by further dichotomy. This is one of the most l>eautiful forms of leaves, the history of the 
development of which would be of unusual interest. 

% Payer, Organogenic dc la fleur, j l. 108, confirmed by Warming t. c. 
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On an originally monopodial branching depends, op the other hand, the form of 
the pinnate, lobed, divided, and toothed foliage-leaves of Angiosperms \ The leaf 
appears on the cone of growth as a roundish protuberance which quickly broadens into 
a shell-like form (Fig. 140, A , b), and grows vigorously at its apex. Beneath the apex 
protuberances arise at the right and left in acropetal order; these also grow in 
the same manner at their apex (/), and produce again lateral protuberances of the 
second order (</>) ; which, according to the extent to which the surface of the leaf is 
developed, become lobes of a simple leaf or distinctly separated leaflets. 

When two rows of lateral branches arise successively on the median axis of the leaf, 
they generally remain weaker than it, and their lateral branches are also less numerous 
and weaker ; the development of such an originally monopodial branch-system of leaves 



FIG. 140. — Development of the pinnate leaves of 
I'nibcllifer.T! ; A , B of Paxtmaca uihva ; C of / art* 

officinale; A apical 'rejfion of Ilia primary FIG. 141.— Leaves of Amorphophalltt bulbosus ; A with a simple, P with 
stem ; its com* of growth sccn at x% j ts youngest a threefold branching of the inniiuu. 

leaf at b; b' youngest leaf but one with the pinrmllon 
commencing; C, bs apex of the leaf i f, f, f" leaf- 
branches of the first order ; <f> of the second order. 


is therefore racemose. But the development may also be cymose, and may even lead to 
the formation of sympodia, especially when only one branch arises right and left on the 
primary leaf. This is the case, for instance, in the leaves of Helleborus , Rubus , and of 
several Aroideae, as Sauromatum and Amorphopbolluj . Fig. 14 1, A represents a weakly 
leaf of the last-named plant with only one branch on each side ; but when the leaves 
attain a more vigorous development, as shown at J 3 , each lateral lobe, 2 2, forms on its 
outer side again a lobe of the third order, 3 3, which again produces a similar one of the 
fourth order, 4 4, and so on. According to the general definitions given above, the first 
branch of the leaf, 1, forms with 22a dichasium; but each branch of the dichasium 


1 This was first shown in detail by Nageli (Pfianzenphys. Untersuch. von Nageli und Cramer, 
Hell II) in the leaves of Aralia sptnosa . — See Eichler, Zur Entwickehingsgeschichte des Blattcs 
(Dissertation, Marburg, 1861). 
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developes further only on one side, the new branches always arising either only on the left 
or only on the right side, 3 from 2, and 4 from 3 ; every lateral branch thus produces a 
sympodial system, and in fact a helicoid cyme. 

If now the basal pieces 2, 3, 4, combined in a sympodial manner on both lateral shoots, 
are imagined to be much shortened, so that the bases of the lobes 2, 3, 4 come close to 
the base of the lamina 1, then all the lobes of the leaf will appear to spring from one 
point, and the leaf is called digitate . It would appear, however, that such leaves may also 
arise by the formation from the broad end of the young leaf itself, first of a middle lobe, 
and then of new lateral lobes right and left from above downwards, as in Lupinus , 
according to Payer’s drawings (Organogenic de la fleur, pi. 104). If the lobes remain 
completely, united or have the appearance of a continuous lamella, we have a peltate 
leaf 1 . It is impossible to go more into the detail of these processes without numerous 
illustrations which cannot be given here. Fig. 142 will explain, in conclusion, the 
origin of the quadripartite lamina of the leaf of Marsilea Drummondi , according to 

Hanstein (Jahrb. fiir. 
wissen. Bot. vol. IV). 
The leaf has its origin 
in a cell of the cone 
of growth of the stem, 
which, becoming the 
apical cell of the leaf, 
produces two rows of 
segments from which 
the right and left halves 
arc formed. Thus a 
broad cone first arises, 
growing at its apex, and 
bent towards the stem 
(A, B ) ; when this, 
which is the future 
petiole, has attained a 
certain height, it in- 
creases in breadth right 
and left. Beneath the 
still growing apex, D, bs , 
a protuberance (stb) arises on both sides ; and while the latter (destitute of an apical 
cell) becomes still more arched (C, stb) y the apical growth of the leaf ceases (C, bs ), its apical 
cell disappears, and soon two equally strong outgrowths arise near the apical point, which, 
like the earlier lateral ones, increase vigorously and grow out into broad lobes of the leaf. 
Thus arises a quadripartite lamina at the end of the petiole, the lateral lobes of which 
have resulted from lateral branching, but the middle ones by dichotomy. The four 
lobes remain, as they grow, narrow at their base, becoming much broader at the free 
margin; and, since the part of the leaf from which they originated remains short and 
narrow, they appear, in the mature leaf, to spring from a single point, the end of the 
petiole. 

(d) Branch-system of Leaf-bearing Shoots . The branching of the stem of Lyco- 
podiacese is dichotomous. In Psilotum triquetrum all the branches developc uniformly; 
and this is the most regularly developed dichotomy found among vascular plants. 
In Lycopodieae the development is much more irregular, but the bifurcation is 
always evident throughout; in Selaginellea!, on the other hand, it is generally to be 





FIG. 14a. — Development of the leaf of Marsilea Drututnortdi (after Hanstein). +4, l , P 
seen from the inner surface; li longitudinal section vertical to si ; bs apex of the leaf; 
fj—x the segments of the apical cell; sib lateral lobes of the lamina in their earliest state. 


1 Compare further Tr^cul, Formation des feuilles, in Ann. des Sci. Nat. vol. xx. 1853; and 
Payer, /.c. p. 403; also Entwickclung der lilattgestaltcn, Jena 1846. 
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recognised only on the youngest branches, since the bifurcations are developed sym- 
podially, and in fact -as scorpioid cymes. This often happens (as in Selaginella 
flabellata) in such a manner that the entire outline of a branch consisting of nume- 
rous bifurcations assumes a form similar to that of a multipinnate Fern-leaf. The 
student who desires to obtain a clear idea of the different modes of development of 
a system produced from a dichotomous origin, and especially of the formation of 
sympodial forms out of dichotomies, could find no better object of study than the 
Selaginelleae which are cultivated in all hot-houses. On the branching of the stem of 
Ferns and Rhizocarps, reference should be made to the description of the respective 
classes in Book II. 

The branching always originates monopodially in the stems of Characeae, Equiseta- 
ceae, and Coniferae, and here also its future development is always racemose. The 
branch-systems of Mosses also always originate monopodially, but are sometime developed 
sympodially (as Ithe < innovations* of Acrocarpous Mosses beneath the sexual organs). It 
is often very irregular, but is sometimes of such a nature that much-branched systems 
of shoots develope racemosely and assume defined outlines, like those of multipinnate 
leaves, as in Hylocomium , Thuidium , &c. 

The branching of Monocotyledons and Dicotyledons is always originally monopodial, 
but the mode of development of the system is extraordinarily variable ; on the same plant, 
and even on the same branch-system, different forms, both racemose and cymose, may 
arise. The peculiarities of the different forms of development are usually very con- 
spicuous in inflorescences, and are of many different kinds ; and since the attention of 
botanists has been turned for a long time in this direction, they arc not only copiously 
employed in the description of plants, but also furnished with names, which are here 
used in a more general sense. A more special description of those branch-systems 
which, in the case of Flowering Plants, are called Inflorescences, will follow in the general 
consideration of Angiosperms in Book II ; here it is only necessary to mention that the 
forms distinguished as spikes, racemes, and panicles are examples of the racemose 
development, while those termed dichasia, cymose umbels (in Euphorbia), and 
scorpioid and helicoid cymes, are examples of the cymose development of branch- 
systems which are at first monopodial. 

Every other form of vegetative branching of Flowering Plants may be regarded from 
the same point of view. The formation of sympodia is not unfrequently brought 
about by arrest of the growth of the terminal portion or bud of the shoot, while the 
nearest lateral bud developes more vigorously, and appears like a continuation of the 
mother-shoot, as in Robinia , Corylus , Cercis , and many other plants; in the lime the 
primary stem itself is a sympodium formed in this manner. If the flower-bearing shoots 
above ground die annually, while the underground portions remain in a living condition, 
underground sympodia sometimes arise composed of the comparatively short but thick 
basal portions of numerous larger shoots which have long since died off. This is the case, 
for instance, in Polygonatum mult\ftorum , the underground stem of which is known under 
the name of Solomon’s Seal. In Fig. 143 is represented the anterior portion of one of 
these underground stems, those produced during eight previous years having been re- 
moved. The stem denoted by b 1866 is the lower portion of the upright aerial shoot 
bearing leaves and lateral flowers, which was in existence in that year ; but this shoot is 
itself only the terminal part, its much thicker basal portion is denoted in the diagram B 
(as seen from above) by n + 2 ; the slenderer terminal part dies off in the autumn, and at 
b , b, beneath the numbers 1864 and 1865, are shown the scars which remain behind 
after the death of the similar earlier terminal parts. The portion of the sympodium 
here represented thus consists of the three basal portions », «+ 1, n + 2, of three shoots, 
each of which unfolded its aerial portion, bearing leaves and flowers in the year indicated. 
In the same manner the bud n + 3 will now develope further ; it springs from the axil 
of the leaf, the scar or insertion of which is denoted by 9". The basal portion of the 
shoot which proceeds from it will add a new piece to the sympodium, its terminal part 
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Chara ; or in a different order, as in the true leaf-whorls of Salvinia (vide infra), 
and in the three- or five-parted calyces of most Phanerogams. 

The lateral members are, on the other hand, isolated or scattered when each 
member stands on a different zone of the axis. If the surface of an axial structure 
(which sometimes is quite imaginary, as in Nephrodium Filix-mas , See.) is supposed 
to be continued through the base of each lateral member, the section forms its Plane 
of Insertion. An imaginary point in this is considered its organic centre, but does 
not usually correspond to its geometrical centre ; this point may be termed the Point 
of Insertion (see Sect. 27). A plane which bisects a lateral member symmetrically, 
or divides it into two similar halves, and contains the axis of growth of the lateral 
member as well as that of the axial member, passes through the point of insertion, 
and is called the Median Plane of the lateral member in question. If members are 
so arranged at different heights on an axis that their median planes coincide, they 
form a straight row or Orihostichy ; generally there are two, three, or more orthostichies 
on an axial structure, and the members are then said to be recti-serial. If there are 



n< ;, 146. — Diagrams of a shoot with the leaves arranged 
with a uniform divergence of 



Pit;. 147 —Diagram of the flower-stalk of Paris quadri - 
folia; / /whorl of the large foliage-leaves ht’iiealh the flower; 
a/> outer, if inner perianth-whorl ; <ni outer, ta inner stamens ; 
in the centre is the rudiment of the pistil consisting of four 
carpeUary leave*. 


no orthostichies, i. e. if the median planes of all the members intersect one another 
on an axis without coinciding, their arrangement is solitary. 

The angle which the median planes of two members of the same axis 
enclose is their Divergence ; it is expressed either in degrees or as a fraction of 
the circumference of the axis, which is then supposed to be a circle, although in 
fact this is not usually the case. In order to represent the divergences clearly, they 
may be drawn on a horizontal section of the vertical axial structure, in the manner 
represented in Figs. 146 and 147. The transverse sections of the axial structure 
which bear the lateral members — in this case leaves — are denoted by concentric 
circles, the outermost circle corresponding to the lowest, the innermost to the 
highest transverse section. On these circles, which thus represent the relative 
ages from without inwards according to their succession in the acropetal develop- 
ment of the axis, the positions of the members are denoted by dots, or the forms 
of the planes of insertion themselves may be approximately indicated, as in the 
figures. On such a projection or diagram the median planes of the members 
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appear as radial lines, indicated in Fig. 146 by I-V. Since in this case several 
members stand upon each median plane, they are arranged in orthostichies ; and 
these again are so placed that they divide the circumference into five equal parts. 
But if the members are considered in reference to their age, as indicated by the 
figures 1-11, it is seen that the divergence between 1 and 2 is as also is that 
between 2 and 3, between 3 and 4, and so on. The divergences are therefore all 
equal, or the members have in this case the constant divergence $. In Fig. 147 
the members are arranged in a quaternary whorl; on each circle or section there 
stand in this case four similar members with the divergence £ ; but the successive 
whorls are so placed that the median planes of one whorl exactly bisect the 
angle of divergence of the preceding and following whorls; the whorls are here 
alternate , and all the members are arranged in eight orthostichies. If, on the other 



l*IG. 148. — Diagram of a weakly plant of FupMorbia helioscopia sec the cotyledon* ; 1. 1 the first, i— ro the later foliage- 
leaves ; numbers 6— xo form one whorl ; at B I in the centre is the terminal flower of the primary shoot, B II the terminal 
flower of one of the five axiUary*hoots, ///, III, III the leaves of three axillary shoots of the second order. 


hand, two whorls stand one over the other in such a manner that their members fall 
into the same median planes or cover one another, they are said to be superposed. 
Thus, for instance, the staminal whorl is superposed to that of the corolla in 
Primula ; and in the primary roots of Phaseolus t Tropceolum , Cucurbita y and other 
Dicotyledons, superposed whorls of lateral roots not ifhfrequently occur. When 
alternate whorls have only two members, they are said to be decussate , as in Fig. 144, 
a very common arrangement with leaves. 

If it is required to represent by a horizontal projection not merely the diver- 
gences on an axis but those on an axial system, such as a system of leaf-bearing 
shoots, it may be done on the same principle, as is shown in Fig. 148. Each 
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system of concentric circles comprises the members — in this case leaves— on an 
axis ; the lateral axes — here secondary shoots — are interposed between the insertion 
of the respective leaves and their primary axis. 

If the axial members are greatly shortened, the view (from above) of an 
axis, with its lateral members, often itself supplies the diagram ; as, for instance, in 
the leaf-rosettes of Crassulaceae, and in most flowers. In other cases a transverse 
section through the bud enables the observer to examine the divergence of the 
leaves; but in many other cases the relative positions are more obscure, and can 
only be ascertained by careful examination. In addition to the study of the history 
of development, particular methods, depending on geometrical principles, are often 
necessary in order to represent the relative positions correctly and at the same 
time clearly. 

There are also circumstances in which it is desirable, instead of representing 
the relative positions on a horizontal projection, to project them on the unrolled 
surface of the axial structure, considered as a cylinder the surface of which is 
flattened out. The transverse sections of the axis lying one over another are 
denoted on this surface by straight horizontal lines on which the positions of the 
members are drawn. 

Among the different arbitrary constructions which may be attempted on paper, 
for the purpose of comparing the relative positions of the members on an axis, 
or of reducing them to short geometrical or arithmetical expressions, the following 
has been employed. A line is imagined proceeding from any one of the older 
members in such a direction that, passing round the axis towards the right or 
the left, it includes the points of insertion of all the successive lateral members 
in the order of their age; the horizontal projection of this line is called the 
Genetic Spiral ; in reality it is a spiral 1 running round the stem more or less 
regularly. The importance of this construction has been very much overrated, 
and it has been employed where it is not only inapplicable to the elucidation of 
the history of development, but even where it has not even a geometrical meaning, 
and no longer assists a conception of the relative positions, but even makes it 
more difficult and complicated. 

When we are dealing with solitary leaves or shoots, standing out from the axis 
in three, four, five, eight, or more directions, and when the divergences arc not too 
variable, the construction of the genetic spiral is of excellent service for a ready 
understanding of the position of the leaves (Fig. 149); and a more exact knowledge 
of the peculiar properties of this ideal line may, under these circumstances, be of 
great use in morphology. In some cases it may be applied with advantage even 
to the relative position of whorls ; but in a large number other constructions appear 
much more natural, since they afford an easier explanation of the relative positions, 
and are more in accordance with the phenomena of growth. The construction 
of the desired genetic spiral is altogether impossible where the leaves are formed 


1 If the spiral winds from right to left, the right edge of the leaves (as you ascend) is called the 
lcathodic, the left edge the anodic ; the reverse in the spiral of an opposite direction seen from 
without. 
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in simultaneous whorls 1 , as the petals, stamens, and carpels of most flowers; or 
even in successive whorls where the members are formed in advancing order right 

and left, as in Characeae and the flowers of 

Reseda (Fig. 145). In the successive whorls of N, 

Salvinta natans the construction of a genetic / _ „ / \ 

spiral would be equally impossible. Fig. 150, B \ 

shows the diagram of the stem of this plant / ff I 

with three consecutive three-leaved whorls; in // I 

each of these the leaf w is formed first, then If fi \\ \ / 

the leaf L v and finally the leaf L r If an Ul 4 )) ] / 

attempt be made to construct the spiral, it \\ // J / 

must pass fronuw over Z a across to L v then \\ / / 

again in the same direction over w across 2 * Syr 

to L % \ the figure thus formed is a circle, in 

which the divergences of successive leaves vary Fig. 149.— Transverse section through the convol 

■ I tf . . , v 4 1 , .1 tioo of the leaf-sheaths i— 6 of Sabal umbraculifera ; 

greatly. It we now pass to the next whorl, the in the centre is a young leaf-blade. The arrangement 

line proceeds in a spiral direction to the next 
leaf w ; but then, to retain the genetic succes- 
sion in the second whorl, the line must be continued in an opposite direction ; 
and this is repeated with every new whorl. It is evident that no clear conception 
can be obtained in this forced manner, and the whole construction appears alto- 
gether superfluous, since it is 
required by no feature in the 
history of development. The 
stem of this plant is construct- 
ed, as Pringsheim has shown, 
of two rows of segments (6r, 

//,/, A r , &c., in Fig. 150, A ), 
which arise alternately right u 

and left from the apical cell. 

Even before the production of 
the leaves each segment under- ( 

goes various divisions, and in 
this manner the stem is built 
up of transverse disks which 

are in alternate succession FIG. 150.-,* the cone Of growth of the stem of Salvin *V> natans, regarded 

, . , , . (Ungrammatically and looked at from above; xx projection of the plane which 

nodes and intemodes. Each divides it vertically into a right and left half; the segments arc indicated by 

j . . . r . stronger outlines, their divisions by thinner lines ; the succession of the segments 

nodal disk consists Ot the is denoted by the letters fi diagram of the stem with three whoils of leaves, 
. , c . , its ventral side indicated by v v ; v> the first-formed floating leaf ; L\ the atrial leaf 

anterior hall Ot an Older formed next ; L\ the second atrial leaf of the same whorl formed last of all between 
, . . . the two first (after l’rlngsheim). 

segment and the posterior 

half of a segment next younger in age, as shown ii* the figure. An internode 
is formed of a whole segment of one row and of two half-segments of the other 




Fig. 150 .—/f the cone of growth of the stem of Salvinta natans, regarded 
(Ungrammatically and looked at from above; xx projection of the plane which 
divides it vertically into a right and left half; the segments arc indicated by 
stronger outlines, their divisions by thinner lines ; the succession of the segments 
is denoted by the letters /•—/’; H diagram of the stem with three whoils of leaves, 
its ventral side indicated by v v; w the first-formed floating leaf ; L\ the atrial leaf 
formed next ; Lt the second atrial leaf of the same whorl formed last of all between 
the two first (after l’rlngsheim). 


1 Many writers employ even in such cases the conceptions borrowed from a spiral arrangement, 

considering arbitrarily as of successive origin the members of the whorl which arise simultaneously; 

but this is not in harmony with a true scientific method. 
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row. Nodal cells occupying clearly-defined positions produce the leaves in the 
order stated. This development furnishes no evidence that the leaves are formed 
in spiral succession; the bilateral structure of the stem shows rather that a 
spiral construction is in this case altogether inadmissible. The same may be 
shown to be the case in Mar si lea, where the creeping stem bears on its upper 
side two rows of leaves, while the under side forms roots ; the leaves borne on 
the upper side may in this case be united in the order of their age by a zigzag 



FlG. Tgt. — Diagram of a flower-stalk of fritillaria imperial™, showing the divergences of the first twenty-four foliage-leaves ; 
the relative lengths of the internodes are indicated by the larger or smaller distances between the circles. 


line broken right and left, which does not anywhere touch the leafless under side 
of the stem, and corresponds in its course to the bilateral structure of the stem. 
The spiral construction appears also to be meaningless in all those cases where it 
is indifferent whether the spiral be carried right or left. This is the case where the 
members are placed in two rows, with a constant divergence of £, and are thus 
arranged alternately in two orthostichies lying exactly opposite to one another, as is 
the case with the branchings of many thallomes (e.g, Stypocaulon, Fig. 108, p. 139), 
the leaves of Grasses, the lateral shoots of the lime, elm, hazel, 8 cc. In all these 
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cases of decidedly bilateral construction the genetic spiral might be imagined just as 
well, and with the same divergence, ascending right or left, by which of course it 
loses its importance for any morphological conclusion, as much as if one supposed 
it to change its direction from leaf to leaf. 

It is principally in upright axes with solitary leaves arranged in three, four, 
five, or more directions, that the spiral construction appears conformable to 
nature, and agrees with the symmetrical relationships of plants, of which more 
will be said hereafter. The spiral construction proves to be opposed to nature 
in bilateral structures, especially in creeping or climbing stems, and in lateral 
branches. 

In those cases in which the spiral construction may be employed naturally 
to elucidate the ’relative positions of the members, two cases may be distinguished, 
according as the divergences, on the one hand, are very unequal and change 
abruptly, or, on the other hand, are nearly or quite equal to one another or 
only change gradually. In the first case the members appear to be arranged 
irregularly and without order, as the foliage-leaves on the stem of Friltllaria 
imperialis (Fig. 15 1), the flowers on the rachis of the raceme of Triglochin 
paluslre or of many Dicotyledons. When the change of divergence on the same 
axis is abrupt, it may also ap- 
pear more natural to represent 
the phyllotaxis by two homodromal 
spirals instead of one, as in many 
species of aloe, where the shoots 
commence with leaves arranged in 
two rows, and then pass over into 
complicated divergences which lead 
finally to rosettes of leaves radiat- fig. 15a.— Transverse section of a shoot of AlotSerra. 

ing on all sides. This occurs, 

e.g. in Aloe ciliaris f latifolia , brachyphylla , Lingua , nigricans , and Serra . Fig. 
152 shows the transverse section of a shoot of the last-named species; the 
first six leaves are arranged alternately in two rows with a constant diver- 
gence $ ; at the 7th leaf this arrangement is suddenly changed; instead of 
being placed over 5, its position is between 5 and 6; but the 8th leaf exhibits 
the divergence $ from the 7th; the 9th again changes the divergence, instead of 
being placed over 7, it is between 7 and 6 ; the 1 oth leaf again diverges about $ 
from the 9th; and so on. The leaves 7-15 are evidently arranged in pairs, 
the pairs being 7, 8; 9, 10; n, 12; 13, 14; each pair consists of two alternate 
(i.e. not opposite) leaves, the divergence of which is but the pairs them- 
selves diverge from one another by smaller fractions. If it is desired to unite all 
the leaves from 1 to 15 by a genetic spiral, an abrupt alteration of the divergence 
would occur in it. The relative positions are shown, however, more simply 
and clearly if, keeping in view the bilateral origin of the shoot, two spirals are 
constructed, each of which commences from one of the original orthostichies, and, 
so to speak, continues it in a spiral curve ; the one contains all the leaves with an 
even number, the other those with an uneven number; the two are homodromal, 
running in the same direction round the stem. The bilateral origin of the shoot 
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may be followed in this manner up to the terminal rosette of leaves. Similar 
phyllotaxes appear to occur in Draccena and in some Aroideae; and at first sight 
present the appearance as if the leaves were placed in two rows which have become 
changed into spirals by the torsion of the stem. 

If we now turn to those cases which clearly gave rise to the erroneous 
hypothesis that the primary law of phyllotaxis is a universal spiral arrangement, 
we find the leaves placed singly, and their divergences almost or quite equal or 
gradually passing over into some other value, thus corresponding to the second 
case named above of spiral arrangement. In these cases the spiral construction 
affords a simple expression of the law of phyllotaxis; the only thing required 
is to name the constant angle of divergence; — according as this is f, 

&c., the phyllotaxis is termed simply one of £, and so on. It is usual in 
such cases for the divergence not to remain constant for all the lateral members 
of an axis; shoots which form numerous leaves mostly begin with more simple 
arrangements, as and then pass over into more complicated ones, an arrange- 
ment being considered more complicated 
when the numerator and denominator 
of the fraction of divergence are larger. 
When the divergences between lateral 
members placed solitarily with a spiral 
arrangement are equal, they must also 
stand in straight rows, the „ number 
of which is expressed by the denom- 
inator of the angle of divergence. If, 
for instance, the divergence is a constant 
one of 2, as in Fig. 153, there are eight 
orthostichies, the 9th member standing 
on the same median plane as the 1st, 
the 10th as the 2nd, the nth as the 
3rd, and so on. In a f phyllotaxis, in 
the same manner, the 6th member stands over the rst, the 7th over the 2nd, and so 
on. In some cases the orthostichies are very obvious, as, for instance, in cacti with 
prominent angles to the stem, the angles corresponding to the orthostichies of the 
spirally arranged leaves, which, however, in this case mostly remain undeveloped. 
In verticillate leaves also the straight rows arc mostly conspicuous if the shoot be 
looked at from above, as, for instance, in the decussate two-leaved whorls of Eu- 
phorbia Laihyris , and the cactus-like E. canariensis. 

When the members of a spiral phyllotaxis with a constant angle of divergence 
stand sufficiently close to one another, other spiral arrangements are easily seen, 
one of which may be followed to the right and the other to the left, and more or less 
completely concealing the genetic spiral. These rows are called Parastichies , and 
are particularly clear in fir-cones, the leaf-rosettes of Crassulaceae, the flower-heads 
of the sunflower and other Composite, and the spadices of Aroideae. They may be 
seen in every spiral phyllotaxis with a constant divergence, and can always be made 
dear in the diagram, or when the arrangement is represented on an unrolled 
cylindrical surface*. The consideration of these constructions leads to definite 



Fit;. 153.— Diagram of a shoot in which the leaves have 
a constant phyllotaxis of 8 . 
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geometrical rules, by means, of which the genetic spiral can be' easily deduced 
from the parastichies l . v . 

It is evident that the constructions hitherto mentioned can only be more or 
less convenient aids to an understanding of the actual principles of the arrangement 
of leaves. But in order to obtain, with their assistance, a deeper insight into the 
processes of growth themselves of which ' these principles are the result, it is 
necessary to follow the development, and in every single case to ask the question, 
what circumstances are the cause of a new member being formed just in this place 
and nowhere else. It may be well, therefore, to bring forward here some of the 
points which must be considered in reference to this view. 

(1) The first point is always to determine with certainty the order of succession 
in which the lateral members are formed. 

(2) Attention must be paid not only to the lateral divergence, but also to the 
longitudinal distance at which a new member is formed at the growing point above 
the members last preceding it. The longitudinal distances of the youngest 
lateral structures of a growing point from one another are usually very small; 
there is often no space to be distinguished between them, 1. e. between the 
planes of insertion of the youngest members. This circumstance may, on the 
one hand, assist in the determination of the place where the next member must be 
produced; but, on the other hand, may give occasion, as the development of the 
axis proceeds with its crowded lateral members, to compression and distortion, by 
which the original arrangement is altered. 

(3) By the increase in length of the common axis, members which were at 
first closely crowded become placed at a considerable distance from one another, 
while others, in consequence of slower growth, remain closely packed; so that a 
different distribution occurs in different parts of the stem, as in the leaf-rosettes and 
flower- stalks of Crassulace®, Agave , Aloe , &c. In the same manner the angle of 
divergence frequently becomes changed by the more rapid increase in thickness of 
the axial structure on one side than on the other; and still more commonly by 
torsion round its own axis of growth. By such torsions lateral members, arranged 
at first exactly in straight rows, become displaced so that the orthostichies appear as 
if wound spirally round the axis. This occurs, for instance, according to N&geli 
and Leitgeb, in the root-systems of Ferns, Equisetaceae, and Rhizocarpese, as well as 
in the three-rowed phyllotaxis of the Moss Fontinalis antipyretica, according to 
Leitgeb. But the most striking example is furnished by the stem of the^serew-pine, 
Pandanus uiilis . In the bud, the numerous leaves, already strongly developed, 
stand, as is shown by the transverse section, in three perfectly straight lines with 
the phyllotaxis ; but, as the development of the stem advances, it undergoes so 
severe a torsion that the three orthostichies are transformed into three strongly 
curved spiral lines running round the stem (see Fig. 1^4). In these and similar 
cases the change in the relative positions caused by the torsion of the actual 
structure can be easily and certainly determined. But when the structures are so 
arranged at the apex of the axial structure that the angle of divergence cannot 

1 As the treatment of the subject is only Df value to those who are practically concerned with 
phyllotaxis, I must refer to the detailed description in Hofmeister’s Allgemeine Morphologic, § 9. 
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be accurately estimated by an apical view from above, it must remain uncertain 
whether the position of the mature members is unchanged, or has been altered 
by lateral displacement and torsion of the axis. A displacement, for instance, 
of about 9 0 would be sufficient to alter the divergence from f to f , a similar 
displacement of 13 0 would change the divergence from to T " T . When the phyl- 
lotaxis is very complicated and the number of the longitudinal rows very large, 
extremely small and almost inappreciable distortions are sufficient to destroy the 
original arrangement, and to bring into existence altogether different systems of 



IG. 154.— DUgrai/matk representation of the orthostichie* 
lyllotaxis In Pandattus utihs ; A before, B after the 
f the stem. Each of the orthoatlchies* /, //, HI is indi- 
a double line; the genetic spiral is simple; where 
it crosses the urthosiichy, the Icaf-insertious arc ihdicatcd by 
figures. 


leaves in the lateral buds before unfolc 
(5) It must further be observed 


parastichies. This observation is of in 
terest so far as it makes it seem doubtful 
whether certain complicated phyllotaxcs 
are always due to the original arrange- 
ment of the members 1 * . 

(4) It must be observed whether the 
position of newly-formed members or the 
subsequent change shows any relation to 
the direction of the force of gravitation, of 
the light which falls upon them, or of any 
pressure acting from without 3 . The effect 
of the force of gravitation is that primary 
shoots which are in the main upright put 
forth leaves spreading on all sides ; while 
such as have a decidedly horizontal growth, 
in which a rooting under side is contrasted 
with an upper side, usually show an ar- 
rangement of leaves on the latter in two 
rows, or one which is divided into two 
equal halves by a plane cutting the stem 
longitudinally, as Salvinia, Marsilea , Poly- 
podium aureum , Pier is aquilina, &c. When 
vertical primary shoots with leaves in 
several rows bear secondary horizontal 
branches with leaves in two rows, this 
relationship is less clear, as in the cherry- 
laurel, sweet chestnut, hazel, &c., because 
an influence independent of gravitation 
must in these cases be presumed to be 
exercised by the primary upon the lateral 
axis, as is shown by the position of the 
ng (see Fig. 155, p. 208). 
whether the first appearance of lateral 


1 [See Airy, Pcoc. Royal -Soc. 1 . c.] 

* Hofmeister (Allgemeine Morphologic, §§ 33, 34) has collected a series of facts which show 

relationships of this kind ; but, both with reference to the individual facts and to the interpretation 
which he gives, I am decidedly of a different opinion, the reasons for which would carry me too far. 
( Vide infra , Sect. 37.) 
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members is preceded by circumstances connected with their development which assist 
in determining their place of origin. Of this nature, for instance, is the connexion 
between the points of origin of lateral roots and the fibro-vascular bundles, the 
course of which determines the arrangement of the roots in rows ; and this in 
turn determines the lateral roots being arranged spirally or in whorls. He»e 
the arrangement in longitudinal rows is clearly the general and primary one ; the 
divergences and longitudinal distances are a secondary effect determined by special 
accessory circumstances. The point of origin of a lateral shoot is, on the other 
hand, in general primarily determined by its relation to the nearest leaf, since it must 
be formed beneath, beside, or above its median plane; forces of secondary import- 
ance then determine whether lateral shoots are formed in connexion with each leaf 
or only with particular leaves of an axis, and so forth. The phyllotaxis of the lateral 
shoot may differ from that of its primary shoot, because the growth of the latter 
assists in influencing it ; as, for instance, in the case of lateral shoots with a distichous 
phyllotaxis on primary shoots with an arrangement in several rows. Under this 
heading falls also the bilateral branching of leaves, whether the stem itself be bilateral 
or multilateral. The dimensions of the growing point and the thickness of the axial 
structure derived from it may also determine the number of the rows of lateral 
structures; thus thick mother- roots usually produce three or more rows of secondary 
roots, while more slender primary roots produce only two rows or at all events a 
smaller number. Thus, for instance, the roots of Cryptogams (according to N&geli 
and Leitgeb), the thick primary roots of the maize, oak, pea, scarlet-runner, &c., 
for® three, four, five, six, or more orthostichies of lateral roots, which, on their part, 
are much slenderer and produce fewer orthostichies. The same is not unfrequently 
the case with the phyllotaxis of stems. When the size of the growing point increases, 
the leaves are arranged in a larger number of rows, as in the vigorous seedlings of 
many Dicotyledons, in Palms, Ncphr odium F ilix-mas, &c. This is most strikingly 
exhibited in the many-rowed flower-heads of the sunflower on the four-rowed foliage- 
stem, the size of the growing point undergoing a sudden and great increase at the 
period when the flower-head is being formed (Fig. 126, p. 171). But, vice versd , 
the number of the rows of leaves diminishes when the size of the growing end of the 
stem decreases in consequence of vigorous growth in length; this is seen, for 
instance, in the few-rowed long and slender peduncles which proceed from the 
many-rayed leaf-rosettes of species of Aloe\ Echeveria, &c. If the insertion of the 
leaves or shoots takes up, at an early stage, a large part of the periphery at the 
growing point, only a few rows of leaves are formed ; if the insertion-planes are 
relatively small, the number of rows on the axis increases. This is illustrated by the 
many rows of small flowers in the spadiees- of Aroideae or the racemes of Trifolium , 
while the leaves of the same plants are in few rows, their insertions embracing the 
stem or being even broader. Hofmeister *, to whom we gwe the introduction of this 
point of view in the theory of phyllotaxis, states the general rule in the following 


1 Allgemeine Morphologic, §11, where particular cases are discussed in detail. This treatise is 
beyond question the most important that has hitherto been written on phyllotaxis; nevertheless, in 
my account, which necessary limits have confined almost to a mere sketch, I differ from Hofmeister's 
views even in some points of primary importance. 
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i : — New lateral members have their origin above the centres of the widest gaps 
which art left at the circumference of the growing point between the insertions of the 
nearest older members of the same kind. The rule is illustrated by the case of alterna- 
ting whorls (especially of pairs crossing one another nt right angles, or ‘decussating ’), 
or by that of distichous leaves with a base which grows early in breadth, in 
Phanerogams where the growing point consists of small cells. Where, on the other 
hand, we have decidedly bilateral horizontal axes, as in Pier is agvilina, Salvinia % o.nd 
Marsilea , or definite relations of the phyllotaxis to the segmentation of an apical 
cell as in Mosses, or distinctly successive formation of the members of the same 
whorl, as in Chara> Salvinia , the flowers of Reseda , &c., the mechanical importance 
of the rule is, in my opinion, subordinate to the other causes which then have the 
greatest influence in determining the position of the new members. Independently 
of the points of view referred to in paragraphs 1-4, the genetic relationships indicated 
in this paragraph show that it is scarcely possible to find a single rule which will 
govern all cases of phyllotaxis. Causes which belong to altogether different cate- 
gories must, according to circumstances, exercise the greatest influence in determining 
the point at ^vhich a new member is formed. 

(6) I consider it a circumstance of primary importance that the same or very 
similar kinds of phyllotaxis may be brought into existence by very different com- 
binations of causes, and arrangements apparently very different by very similar 
combinations of causes. Among the causes here referred to I include the anterior 
development of the axis and of its lateral members, the influence of the primary on 
the secondary axes, the effect of pressure, gravitation, light, and similar conditions. 
This position becomes evident when it is observed that the same or similar diver- 
gences of leaves or lateral shoots may occur everywhere, in unicellular plants, in 
multicellular plants with a distinct apical cell, and in those in which the growing 
point consists of a small-celled tissue without any definite relation to the segmentation 
of an apical cell, as in Phanerogams. The mechanics of growth must undoubtedly 
be different when the lateral branches of the single cell of Vauchcria are formed in 
two rows, and the leaves of a Fissidens or of a Grass are produced in the same or 
a similar position, in wdiich case the cell-walls of the primary meristem represent a 
multiplicity of causes of growth and of hindrances to it. The similar arrangement 
of the outgrowths under such different circumstances does not prove that the cir- 
cumstances themselves are indifferent, but only that altogether different combinations 
of causes may lead to very similar relationships of position. In Muscinese and 
Vascular Cryptogams the relation of the formation of leaves to the segmentation 
of the apical cell is the more obvious the nearer the leaves originate to the apex. 
It is most obvious of all in Mosses, where each segment grows out into a leaf- 
fomiing protuberance as soon as it is formed, and before further cell-division 
takes place. Here the immediate controlling cause of the position of the leaves is 
that of the leaf-forming ‘ segments * themselves ; when these latter are formed in two 
alternating longitudinal rows, as in Fissidens \ two rows or orthostichies of alternating 
leaves arise with the divergence $. When the segmentation of the apical cell is into 


1 Lorentz, Moosstudien. Leipzig 1864. 
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three rows* so that each new division-wall of the apical cell is parallel to the last 
division-wall but two, as in FonHmlis> three rows of leaves result, arranged spirally 
with the constant divergence £. When the apical cell is a three-sided pyramid, 
but the new walls which are formed in it are not parallel to those already in existence, 
but oblique, so that, for example, all the segments are broader on the anodic than 
on the kathodic side, then the segments no longer lie in three straight rows, but 
either three spirals or one only can be recognised encircling the axis; and since each 
< segment ' in this case ( e . g. in Polyirichum } Catharinea , and Sphagnum l * ) developes 
into a leaf, the leav.es are formed in spiral pfiyllotaxes, with divergences depending 
on the obliquity of the principal walls of the segments to one another 8 . These 
phenomena show clearly that when each segment produces a leaf, the phyllotaxis 
depends on the manner in which the new principal walls of the segments arise ; and 
since the direction taken by the segmentation of the apical cell depends again on 
causes of which we are at present ignorant, the phyllotaxis must also finally be 
referred to these unknown causes. In certain cases a reason may be given why, when 
the mode of segmentation of the apical cell is the same, the positions at which th j leaves 
are formed are nevertheless variable. The segments of the apical cell, both in 
Fonlinatis and in E quite turn, lie in three straight rows ; but in Fontinalis the solitary 
leaves stand in straight rows and are arranged spirally with the constant divergence 
I, while in Equiselum , on the contrary, alternating whorls of leaves arise whijh have 
grown together in the form of a sheath ; because here, as Rees has shown 3 , the three 
segments of each cycle, arranged originally in a spiral manner, are finally placed, in 
consequence of the growth not being uniform, on the same zone. From this a cir- 
cular projection next grows out, on which the sheath-teeth arc formed. From the 
want of uniformity in the growth of the segments, the causes of which are at present 
unknown, still further differences, as compared with Fontinalis , are introduced, in 
consequence of which the development of the whorls themselves becomes alternate 
instead of superposed, as might be the case. If the processes which take place in 
Marsika , as Hanstein has described them 4 , are compared with this, it is seen that the 
segmentation of the apical cell of the stem agrees in the main with that of Fontinalis 
and Equiselum ; it is in three rows with a divergence As in Fontinalis , the leaves 
originate by a curving outwards of the segment-cells ; but the leaves are in this case 
not arranged in three rows as in Fontinalis , nor in whorls as in Equiselum , but in two 
rows. The immediate cause of this must be sought in the fact that the stem, together 
with the growing point, lies in a horizontal position ; it has an upper and an under 
side. The segments of the apical cell form two rows on the upper and one on the under 
side ; but the former produce leaves, the latter roots. The horizontal position of the 
stem and its bilateral development are here perhaps the cause why the upper side 


1 Compare the admirable description by Leitgcb in the case <t>f Sphagnum , in the Sitzungsber. 
der kais. Akad. der Wissenschaftcn, Wien, March 1869. 

* See Hofmeister, Allg. Morph, p. 494; and Muller, Eine algemeine morph ologische Studie, 
Bot. Zeitg. 1869, t. IX. fig. 24. In such cases the behaviour of the apical cell may be represented by 
imagining it to rotate on its axis, as I expressed it in my first edition. The description there given 
does not however now appear to me suited to the beginner. 

8 Rees, Jahrb. fiir wissen. Bot. vol. VI. p. 216. 

4 Hanstein, in Jahrb. fiir wissen. Bot. vol. IV. p. 252. 
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only produces leaves ; and since its segments lie in two rows, there are two rows of 
leaves, which we may imagine united by a zigzag line. But a further cause of the 
difference, as compared with Fontinalis and Equisetum , arises from the fact that in 
Marsilea it is not every segment of the two rows on the upper side that forms a leaf ; 
according to Hanstein, certain segments remain sterile, and these form the internodes 
which are at first wanting in Fontmalis and Equisetum , and are only formed at a 
later period by further differentiation and intercalary growth. In P ter is aquilina and 
in Salvitiia the segments of the apical cell of the stem are also formed, as in F issidens, 
in two rows ; but the phyllotaxis is in all these cases very different. The effect of the 
difference of giowth is first of all shown in the decidedly horizontal position of the 
stem of these plants, and also in the circumstance that the segments themselves grow 
vigorously in thickness and length, and divide before the formation of the leaves 
commences ; it is not from the segment-cells which are already in existence that the 
leaves originate, but from certain cells resulting from their division at a distance 
from the apex of the stem. This is common to Pier is and Salvinia ; but in 
the divisions of the segments and in the whole growth of the stem considerable 
differences between the two occur. Pleris aquilina forms on the upper side of its 
thick underground horizontal shoots two alternating rows of leaves, while Salvinia 
forms alternating whorls on its slender floating shoots, the members of the whorls 
showing a very peculiar order of succession corresponding to the bilateral arrange- 
ment and the horizontal growth of the axis. 

The genetic forces which have an evident influence on the phyllotaxis of Cryp- 
togams through the segmentation of the apical cell and the further behaviour of the 
segments, are wanting in Phanerogams, where the leaves spring from a small-celled 
cone of growth the tissue of which behaves like an almost homogeneous plastic mass. 
The immediate causes which determine the spot where a leaf or shoot is to arise 
can no longer be referred here, step by step, to the behaviour of an apical cell ; 
they lie rather in the position of leaves already in existence, in their increase in 
breadth, in the form and size of the cone of growth, in its inclination to the vertical, 
in its relation to the size of the mother-shoot, &c. — conditions which, as has already 
been mentioned under paragraph 5, have been treated in detail by Hofmeister. The 
rule there enunciated, that lateral shoots arise above the centres of the widest 
intervals between the youngest contiguous shoots, gives an efficient cause for the 
determination of the place of origin of new members, and may be applied also to the 
first leaves of lateral shoots, which generally show a definite relationship to the 
subtending leaf. In Monocotyledons, for instance, the first leaf of an axillary shoot 
usually stands on its posterior side, 1*. e, next the mother-axis ; while in Dicoty- 
ledons the axillary shoot generally begins with two leaves, which stand right and 
left of the median plane of the subtending leaf, and thus fall in the space between 
it and the primary axis which is least exposed to pressure. 

As has now been shown in this brief introduction, the investigations of 
phyllotaxis cannot at present do more than ascertain in each separate case the 
phenomena preceding and accompanying the origin of a member, as well as those 
forces which, from their direction, exercise an influence on the point of origin, 
and then lay down more general laws as the result of comparison in a sufficient 
number of cases. In these as in all other investigations into organisms, we are 
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always however met at the very outset by a consideration of great importance which 
imposes itself upon us, I mean the tout ensemble of properties which define the 
character of the natural group, class, or order. By recognising a plant as a member 
of a particular class, e.g. Muscineae, Filices, Equisetaceae, Rhizocarpeae, Phanerogamia, 
&c., an aggregate of properties is ascribed to it, which must be taken into account as 
such. If we pay special regard to the point of view opened out by the Theory of 
Descent, we must recognise in the law of heredity and the physiological adaptation 
of organs, the difficulty or even impossibility of demonstrating the causes of any 
morphological phenomenon in any other manner than genetically. Organic forms 
are not the result of combinations of forces and materials given once for all, 
and always again^ reproduced in exactly the same manner, as in the case of 
a crystal which is first dissolved and then re-crystallised, but of combinations 
which repeat themselves hereditarily and which at the same time undergo change. 
To understand these it is necessary to refer to the past, and not merely to the im- 
mediate present. 

Abundant opportunity will be afforded in the description of the various classes in 
Book II. for a more exact observation of particular relations of position ; but what has 
now been said is sufficient as a preliminary. Some additional remarks on the Spiral Theory 
in the doctrine of phyllotaxis may however find a place here. It has already been 
shown that the construction required and employed in this theory is not in all cases 
possible, being sometimes arbitrary and without relation to development, and at other 
times simply meaningless; and that, finally, only those cases admit of the application 
of this theory without violence, where the shoot forms three or more rows of leaves 
distributed singly and uniformly in all directions. The history of development often 
points to quite different constructions, even in those cases in which the spiral is still 
geometrically possible. But even where the connection of the leaves in order of suc- 
cession in age by a spiral running round the stem in the same direction is possible and 
even apparently useful, there is not in the phenomena connected with development 
any sufficient reason for the hypothesis that the growth of the generating axis itself 
actually follows a spiral \ 

Closely connected with the spiral theory, which must be carefully distinguished from 
the doctrine of phyllotaxis, is another very peculiar law connected with the angles of 
divergence. It was thought, namely, that a kind of natural law was found when it was 
discovered that some of the most commonly .occurring constant divergences 
and some of the less common ones, as / r , if, fi, &c , a , may be represented as succes- 
sive convergents of the continued fraction 

i 

2+1 


Were it possible to combine all kinds of phyllotaxis without exception in this manner 
into one single continued fraction, we should actually have a kind of natural law, in which 
there would be no relation of cause and effect, and which would hence stand out as an 


1 See on this point Hofmeister, Bot. Zeitg. 1867, nos. 5, 6, 7, and Allgemeine Morphologie, 
p. 481. 

2 It must be observed in reference to this that it remains uncertain whether such complicated 
divergences are ever so formed originally, or whether they are not always consequences of compli- 
cated displacements, in consequence of which the direct observation of the growing point does 
not give in these cases a certain conclusion. 
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inexplicable curiosity. This is not however exactly the case. There are many phyl- 
lotaxes which cannot be expressed by this continued fraction; and in order to carry 
out the method, new continued fractions have to be constructed, e.g. 


i 

T+~* 


I +£ 

I. . . . 


X 

4 + 1 

i + i 

i. 


&c.; 


of which indeed only one or two convergents are for the most part met with as actual 
angles of divergence. And since it is possible immediately to construct a new continued 
fraction for every phyllotaxis which cannot be arranged under those already in existence, 
it is of course possible to represent by this method all varieties of phyllotaxis; but it 
follows at the same time that the method itself thus loses all deeper significance. If 
those divergences only occurred on one and the same axis or on one system of axes 
which can be represented by convergents of one and the same continued fraction, or 
if the different values of one particular continued fraction occurred exclusively in a 
genus, family, or order, the method would even in that case be of some value. But this 
is not the case. Since moreover no actual relationship of the method to the history 
of development, to the classification of plants, or to the mechanics of growth, has been 
established, in spite of numberless observations, it seems to me absolutely impossible to 
imagine w>at value the method can have for a deeper insight into the laws of phyllotaxis. 
But even as a mnemonic assistance it appears to me not only superfluous, but even dis- 
advantageous, since the use of it diverts the attention from relationships which are of 
real importance 1 . 


Sect. 27. Directions of Growth 2 . — (1) In every thallus, branch, stem, leaf, 
hair, and root, it is easy to distinguish between two opposite ends, the Base and .the 
Apex . The base is the place where the member originated and began to grow ; 
the apex is the extremity in the direction of the growth. The direction from the 


1 [Chaunccy Wright (Memoirs of Amcr. Acad. vol. ix. p. 389) has pointed out an interesting 
property of the series £, g, £ which includes all the more common arrangements of phyllo- 

taxis. If the spiral line passing through successive leaves be traced the long way round, we obtain 
the complementary series g, g, $ the terms of which arc successive convergents of the con- 
tinued fraction 1 + 1 

1 + 1 

J + &c. 


If we put this = A 


then K= - 1 — 

1 + K 


or 

l:K**K:l-K 

or K is the ratio of the extreme and mean proportion ; and generally 

K is therefore the angular divergence which would effect ‘ the most thorough and rapid distribution 
of the leaves round the stem, each newt or higher leaf falling over the angular space between the two 
older ones which are nearest in direction, so as to divide it in the same ratio, K , in which the first 
two or any two successive ones divide the circumference. Now g and all successive fractions differ 
inappreciably from AV Practically, therefore, all terms of the scries above the third fulfil the 
condition of that leaf-distribution which is theoretically the most efficient by distributing the leaves 
most completely to the action of the surrounding atmosphere.] 

2 H. von Mohl, Ueber die Symmetric der Pflanzen, in his Vermischlc Sehriften. 1846. — 
Wichura, Flora, 1844, pp. 161 et Hofmeister, Allgemeine Morphologic, §§ 1, 33, 34. — Pfeffer, 
Arlieiten des botan. Instituts in Wurzburg, 1871, p. 77. 
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base to the apex is the longitudinal direction of the member under, consideration; 
and a section made in this direction is called a longitudinal section. The transverse 
direction and section of the member are at right angles to the longitudinal ones. 

(2) In every transverse section of a member there is a point about which the 
internal structure and external contour are so arranged that it must be considered 
as its Organic Centre . Every line drawn from this point towards any point of the 
circumference is a radius; every portion of the transverse section 1ms one side 
facing the circumference and one facing the centre, these being usually developed 
in a different manner from the sides that face the radii, and hence easily distin- 
guishable from them. These relationships are recognised with ease in the transverse 
section of woody stems and of all roots, but can be easily made out in other 
cases also, even in unicellular plants and hairs. The organic centre of the trans- 
verse section does not usually coincide with the geometrical centre, as is easily 
seen in the transverse sections of most petioles and horizontal branches with an 
‘ eccentric’ pith. 

(3) If a line be imagined uniting the organic centres of all the transverse 
sections of a member, this is the Longitudinal Axis or Axis of Growth of the 
member. The axis of growth may be a straight or a crooked line ; in the younger 
parts (nearer the apex) it may be crooked, and again straight in those which are 
further developed (further from the apex), as in Salvinia and Utricular ia ; or the 
reverse. A plane which passes through the member in such a manner as to contain 
the axis is called an Axial Longitudinal Section . If the axis be curved in a plane, 
this plane coincides with the axial longitudinal section ; if the axis is straight, the 
number of possible axial longitudinal sections is very large or even infinite. 

Growth in the direction of the longitudinal axis is generally quicker, and also 
generally lasts longer, than in the transverse directions, as is clearly seen in most 
stems (haulms, flower-stalks, scapes, palm-stems), in long leaves, in all roots, and 
in most hairs and thallomes. This characteristic cannot however be used in the 
general definition; for there are cases in which it appears doubtful whether the 
growth in the direction of the longitudinal axis is more intense or more prolonged 
than in the radial directions; as, e.g. in the stem of Isoe'tes , and the prothallium of 
some Polypodiaceae. But the characteristic is superfluous for the determination of 
the longitudinal axis ; its direction can always be recognised by the position of the 
base and apex of a member ; and the point where it cuts the transverse section (the 
organic centre) can be found without anything else being known about the relation- 
ships of growth. It is always possible, without even knowing the duration or 
intensity of the growth, to decide which is the longitudinal and which the transverse 
section of a member ; this can indeed be determined from a very small fraction of 
it ; in a Mammilaria , a Melocactus % or a Cereus , it is just as easy to determine the 
longitudinal axis of growth in early youth, when thes^ cacti are often as thick as 
they are long, as it is later when they are much longer than thick. This is also the 
case in the abbreviated axis of bulbs, in many tubers and corms (as the crocus), 
and in fruits, like those of many gourds, whose diameter is much greater than their 
length. 

The growth of roots and stems in the direction of their longitudinal axis is 
generally unlimited, that of leaves and hairs mostly limited, although these rela- 
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tionships are sometimes reversed. When the growth is unlimited, its products 
along the axis are usually constantly repeated, the segments formed one after 
another are similar, the lateral members that spring from them (branches, leaves, 
lateral roots, &c.) are uniform, or they exhibit in their development a repeated 
alternation, as, e.g. in Moss'.stems, rhizomes of Equisetum , primary stems of Coni- 
fers, &c. When, on the contrary, the growth along the axis is limited and definite, 
the resulting segments are dissimilar, and their outgrowths exhibit progressive 
changes (metamorphosis). This occurs in most leaves, the basal portions of which 
are usually strikingly different in form from the parts nearer the apex; it occurs 
also in the stems of Angiosperms with terminal flowers, which commence, for 
instance, with the formation of radical leaves, proceed to that of foliage* leaves, and 
then, through the bracts, pass over into the production of floral leaves, closing with 
that of carpellary leaves. 

Axial growth is always limited when true dichotomy occurs at the apex; on 
the other hand, bifurcations repeat and continue the mode of development of their 
common basal portion (as in Fucus or Selagine/la ), although individual branches 
may terminate their growth without dichotomy by producing fruit. 

(4) If an axial longitudinal section is imagined to pass through a member, 
the conformation right and left may be similar, like the right and left halves 
of the human body. If the two halves are so similar that the one is a reflected 
image of the other, they are symmetrical , and the dividing plane between them 
is called a plane of symmetry. In this strictest sense symmetry is very rarely 
found in plants (most nearly in many flowers and stems with decussating whorls); 
and accordingly the term is constantly employed in a laxer sense. Two, three, four, 
or a larger number of symmetrically dividing planes often pass through a member 
(a branch or root), all of which intersect in the axis of growth. Such members 
are called polysymmelrical ; so-called * regular ’ flowers, stems with alternating 
whorls, and most roots, are polysymmetrical. If, on the contrary, it is possible 
to imagine only one symmetrically dividing plane, as in the flowers of Labiata? 
and Papilionacese \ in stems with opposite pairs of leaves, where the - median 
plane of the two rows of leaves is at the same time the plane of symmetry, in 
the thalloid shoots of Mar chaniia :, and in most leaves, the object is monosym metrical, 
or simply symmetrical. Monosymmetry is however only a particular case of the 
ordinary bilateral structure, which consists in the processes of growth being 
similar to the right and left of an axial longitudinal section, although the 
two halves of the member do not lie exactly opposite to one another like 
reflected images. Thus, for example, the oblique leaves of Begonia are not 
symmetrical, although bilateral; the one half to the right of the mid-rib of the 
lamina is larger and of somewhat different shape to the other half to the left of 
the mid-rib; and the same is the case with the elm. A branch with alternating 
leaves in two rows is also simply bilateral without being monosymmetrical ; 
if it is divided at right angles to the common median plane of all the leaves, 
the two halves bear each one row of leaves ; but the one is not the reflected image 


1 A. Braun calls monosymmetrical flowers zygomorphic t an expression which is also elsewhere 
interchangeable with monosymmetrical. 
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of the other, since the leaves of the two rows spring from different heights. Where 
a true monosymmetrical structure occurs, it may be considered a particular case of 
the bilateral; the latter, therefore, being the more common, is the more important 
phenomenon. 

There is the same relationship between polysymmetry and multilateral arrange- 
ment as between monosymmetry and bilateral arrangement; polysymmetry must be 
considered only as a particular case of the multilateral structure. This latter always 
occurs where several pairs of halves can be produced by axial longitudinal sections, 
so that the two halves of each pair are very similar to one another, but not exactly 
alike, like an object and its reflected image. Thus the short stems of Sempervivum , 
the leaf-rosettes of JEonium, and fir-cones with their scales, can be easily halved by 
numerous longitudinal sections, but the halves thus formed are never symmetrical, 
because the leaves and scales are arranged spirally, and a spiral can never be divided 
symmetrically ; but in so far as the spirally arranged leaves stand in three, four, five, 
eight, thirteen, &c. orthostichies, the shoot itself may be said to be tri-, quadri-, 
quinqui- octo-, trideci- lateral, Sc c. ^ 

The most common distinction is between bilateral and multilateral structures ; 
in both cases the lateral arrangement may rise into symmetry, the former into 
monosymmetry, the latter into polysymmetry. The extremes are seen on the one 
side in roots with a circular transverse section, on the other side in most leaves and 
leaf- like shoots with only two symmetrical halves. If, however, in the case of roots 
regard is paid to the number of their fibro-vascular bundles, the apparently infinite 
number of their planes of symmetry may usually be reduced to two, three, four, 
or five. 

To obtain a convenient mode of expression for relationships of this kind, each 
longitudinal section which produces two similar halves may be termed a principal 
section or principal plane ; and if the two halves are symmetrical it is a symmetrical 
section or plane. Thus bilateral structures have one principal section, multilateral 
structures two or more principal sections. 

(5) Lateral arrangement and relationships of symmetry may be looked at from 
two important points of view, according as the members of a plant are compared 
with one another, or are considered in reference to their relation with the external 
world, with gravitation, light, or the pressure of external objects. 

If the members of a plant are compared with one another, it is seen, for ex- 
ample, that the principal sections of all the leaves, though on opposite sides of the 
stem, may lie in one plane, in which case the shoot itself is bilateral ; or they may lie 
in two planes crossing one another at right angles, when the shoot is quadrilateral, 
as, for instance, when it bears decussate whorls of two members, a case which, in 
reference to other relationships, is very near to that of bilateral arrangements, and 
may be termed a double bilateral arrangement. In these^cases the principal sections 
of the leaves are also at the same time principal sections of the stem. In Salvinia , 
Marsilea> Polypodium aureum , and P ter is aquilina , on the contrary, the principal 
sections of the leaves, forming two rectilineal series, lie right and left of the 
single principal section of the bilateral stem, an arrangement which is in these 
cases dependent on the horizontal growth. 

The relationship of lateral arrangement and symmetry to the external envi- 
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ronment of the plant is shown, for example, in the fact that multilateral shoots 
usually grow upright, while bilateral shoots generally lie horizontal, the principal 
section being then vertical. Many bilateral shoots cling on one side to a horizontal, 
oblique, or vertical support, as the Marchantieae, Jungermanniese, the ivy, &c. ; 
and in that case the principal section is at right angles to the support. Bilateral 
structures, leaves or whole shoots and systems of shoots, generally form their two 
sides to which the principal section is perpendicular very differently in respect 
to the external world; so that, in addition to a right and left half (right and left 
of the principal section), there is also a clear distinction between an upper and 
under^ side, an attached and free side, a dark and light side ; and it is in this 
respect that the dependence of lateral arrangement on external conditions is most 
clearly evident. 

In each special case it must, however, be left for more exact observation to 
settle how far the position of the principal sections of the members of a plant are 
determined by internal relationships of growth, or by external influences \ a question 
which can seldom be satisfactorily answered when not decided by experiment. To 
this end the ^researches on Marchantia polymorpha , begun by Mirbel in 1835 and 
carried on with great success by Dr. Pfeffer in 1870 (/. r.), are of peculiar interest. 
Dr. Pfeffer shows that the two flat sides of the gemmae of this liverwort are 
identical ; i. e. each of the two sides has the power of forming root-hairs when 
turned downwards. Bilateral arrangement and differentiation of the upper and 
under sides arc first developed in the flat shoot which springs from the gemma. 
The side of the shoot exposed to light, whatever its position, becomes under all 
circumstances the upper side which forms stomata, the dark side becomes the under 
side which produces root-hairs and leaf-like processes. Even after the lateral 
shoots have been formed, the two sides of the gemma itself are still alike. Similar 
relationships may also prevail in the germinating spores of creeping Jungermannieae 
and in the formation of the prothallium of Ferns ; but on this point more exact 
researches are still wanting. In Ferns only thus much is known, that (according 
to Wigand) when the light is stronger from one side, the principal section places 
itself in the direction of the strongest illumination, while the apex of the axis of 
growth is turned towards the shade. 

What has now been said will serve as a definition only of the most important ideas, 
and an illustration of the points of view from which observations must be made. The 
results obtained by them cannot l>e given in detail ; and since a definite theory has not 
yet been elaborated, a more detailed description must deal with numerous peculiari- 
ties and critical comparisons, for which we have no space. A few important facts may, 
nevertheless, be briefly mentioned. 

( 1 ) In reference to the Direction of the Axis of Growth, it appears to be the general 
rule that the origin of a new individual coincides with the commencement of a new 
direction of growth. This is very strikingly the case in the swarmspores of (Edogonium 
(Fig. 4, p. 9), the longitudinal axis of which is transverse to that of the filament which 
produces them, and becomes the longitudinal axis of the new plant ; and the same is the 
case with the origin of new filaments of Nostoc and Rivularia (see Book II, Algae). In 
many Cryptogams, researches have not yet been made on this point, or it would carry 
us too far to mention them. It may be mentioned, merely by way of example, that the 


1 Compare IJofmeister, Allgemeine Morphologic, §§ 23, 24. 



DIRECTIONS OF GROWTH. 


207 

axis of growth of the embryo of Ferns and Rhizocarps is distinctly transverse to the axis 
of the archegonium. In Phanerogams the direction of growth of the embryonal stem is 
opposed to that of the ovule; the apex of the young stem is formed in a direction 
different to that of the ovule, and it continues its growth in this direction. The forma- 
tion of the sporocarp of Mosses forms an exception to this manner of growth, if it is 
considered as a new individual, but this appears very questionable ; it grows in the same 
direction as the archegonium, and even in the direction of the axis of the stem when the 
archegonium is apical (/. e. in Acrocarpous Mosses). 

A second remark relates to the fixation of the base of the axis of growth. In all 
lateral members and bifurcations the base is the fixed point at which the branching or 
new formation begins ; and in the new formation of an axis of growth from swarm- 
spores and fertilised oospheres, the growth in a definite direction does not begin until 
some one cell has become fixed. This occurs in all swarmspores, which do not begin 
to grow into tubes and filaments until their hyaline end, the anterior one in the 
swarming, has become fixed, even if only on the surface of the water. The ger- 
minating spore also of Ferns and Equisetaceae puts out at an early stage a root-hair 
which fixes it to the support (the macrospore of Rhizocarps and Selaginelleae does not 
require this in consequence of its weight). In a similar manner also the longitudinal 
growth of the embryo of Phanerogams does not begin until it has become attached at 
its posterior end to the apex of the embryo-sac. The embryo of Vascular Cryptogams 
produced by a sexual process fixes itself laterally by the portion called the foot into the 
tissue of the pro.hallium. 

It is only in some Algae of the simplest structure that there is no attachment of 
a point of the newly constituted plant to an external object (for which purpose any 
portion of the generating body may serve). In this case the opposition of base and 
apex disappears; growth may then produce a uniform arrangement in different and 
even opposite directions ; simple threads result in which an anterior and posterior end 
can no longer be distinguished, as in some Desmidiex and Diatoms, or spherical families 
of cells, like Glatocapsa. 

But when once a fixed point is established as a base, the increase of length takes 
place uniformly in one direction only from it ; *. e . whatever grows in this direction is a 
member of a morphologically definite character. This does not however prevent the 
setting up of a new growth in the opposite direction ; but the member which is formed 
in this direction is of a different nature morphologically ; as occurs, for example, in the 
embryos of Phanerogams, in which, according to J. Hanstein’s recent researches, the 
origin of the primary root is in fact such that its longitudinal axis must be considered 
as the prolongation of that of the stem in a posterior direction. 

(2) With reference to the Relations of Symmetry , the most important point is that dicho- 
tomous branching is frequently repeated in one and the same plane in thallomes (as in 
Fucaceae and Metzgeria ), stems ( Marchantia , Selagmella *), and leaves (in some Ferns). 
A different development then generally takes place on the two sides of the plane of 
dichotomy, one side of the shoot dinging closely to the ground or to upright bodies (as 
in Hepaticse), or one side turning to the light, the other side to the shade (Selaginelleae) ; 
in such cases the shoots have their greatest diameter in the plane of dichotomy. 
Where no such different development of the two sides occurs, as in Lycopodium (espe- 
cially L . Selago according to Cramer), consecutive bifurcations may take place in 
different planes ; and this is also the case with the roots*of Lycopodiaceae (see Nageli 
and Leitgeb, and Pfeffer, l. c. p. 97). 

As has already been mentioned, it is usually impossible, without experiment, to 
determine whether the position of the principal section of bilateral shoots and leaves 
is directly brought about by external conditions, such as pressure, gravitation, and 
light 3 . The position of the principal section usually shows a definite relation to the 

1 In the roots of Selaginella , however, the successive bifurcations lie in planes at right angles. 

9 This subject has been treated by Hofmeister (Allgemeine Morph. §§ 23, 24) from another 
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mother-shoot, and at the same time to the direction of gravitation, light, and pressure 
(the latter in clinging or climbing plants, such as ivy, Jungermannieac, &c.). It is 
therefore probable that internal and external causes generally cooperate to determine 
the direction of the longitudinal axis of a member when first formed, as well as of its 
lateral shoots 1 . Further development may show new relations to the original axis an 
to external influences. The horizontal lateral shoots of numerous woody Dicotyledons 
with alternate leaves in two rows have the principal section vertical, their rows of leaves 
right and left. The axillary buds of these leaves which remain dormant through 

the winter show an altogether different disposition of 
their parts ; the axis of the bud is parallel to that o 
the mother-shoot ; it bears its leaves in two rows, one 
facing the sky and the other the earth (Fig. *55) » t ^ ie 
mid-ribs of the folded leaves arc always turned out- 
wards, away from the mother-axis; the principal axis 
of the whole bilateral shoot (the bud) is horizontal. 
But when the bud unfolds in the spring, a torsion 
takes place of such a nature that the principal section 
assumes % vertical position, the prominent mid-ribs of 
the leaves turn downwards, while their faces turn up- 
wards ; and thus the lateral shoot of a horizontal mother- 
shoot acquires the same position as its parent. The 
fact that the two rows of leaves within the lateral 
bud arise on the upper and under side, and consequently 
both in a vertical plane, might be referred to the im- 
mediate influence of gravitation; but this view is 
opposed by the fact, among others, that the position of 
the terminal bud 2 of the horizontal mother-shoot is 
usually from the first different. In Cercis and Corylus , 
for example, the terminal bud stands on the under 
side of the horizontal end of the branch, and its leaves 
right and left of the vertical principal section of the 
bud. The position of a terminal bud may be easily 
represented by turning Fig. 155 s0 that the parent axis 
a lies above, the subtending leaf b beneath the bud (the apparently terminal bud thus 
becoming axillary), and the vertical line v becomes horizontal. This diflerence, which 
exists from the very first in the position of the lateral and terminal buds in horizontal 
bilateral mother-shoots, excludes the immediate influence of gravitation ; but by a useful 
adaptation, even in the bud all the parts are so arranged that by a single twist of the axis 
during unfolding, they assume those positions which are most favourable for the functions 
of the leaves, and by which their faces arc turned towards the light. In the terminal 
buds of such shoots this twisting is not necessary. Whether it is gravitation or the 
influence of light on growth which occasions this torsion of the axis of the bud is not 
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point of view; but on consulting the facts themselves I find much that is not in agreement with his 
statements, and in their interpretation I arrive at essentially different conclusions, the reasons for 
which cannot be explained here in detail. # 

1 In order to determine this question experimentally, the apparatus which is described in Book 
III. Chap. 3 , Sect, io, should be used, a drum which holds the plant, and which rotates slowly 
round a horizontal axis. 

a It is for our present purpose the same whether the bud at the end of the horizontal shoot be 
its true terminal bud, or a lateral bud the development of which is induced by the abortion of a 
terminal bud, as in Cercis and Corylus. In reference to the position of the terminal bud it is also 
indifferent thaj the position of the lateral buds is sometimes not quite horizontal, but a little 
oblique upwards and outwards, as in Corylus, Cel/ts , &c. 
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the question now under discussion. But the most important result is that the principal 
sections of the axillary buds of a bilateral mother-shoot may have greatly varying posi- 
tions, and that, in consequence, the arrangement of the parts of the bud is independent 
of gravitation ; on the other hand, there is a definite relationship to the mother-axis 
in the arrangement of the parts of the bud. The axillary bud of such a shoot may 
arise either laterally or on the under or upper side 1 ; in all cases its leaves turn their 
prominent mid-ribs outwards, away from the mother-shoot, so that the principal section 
of the bud is always at the same time an axial longitudinal section of the mother-shoot. 

We are led to the same conclusion by the study of two- or three-year-old seed- 
lings of Thuja and other Gupressineae. The leaves of the primary stem are arranged 
below in alternating whorls of fours, and consequently in eight longitudinal rows; 
higher up the whorls are alternate and of three leaves, and the leaves are in six rows. 
The axillary shoots, the number of which is very small in proportion to the leaves, 
appear, both in the eight-rowed and in the six-rowed region of the stem, to be generally 
in two rows, so that in reference to its branching the primary stem is bilateral (other 
positions of the branches occur, however, higher up, especially later). These lateral 
shoots of the first order begin at once with alternating whorls of two leaves, or a 
decussate arrangement ; and the first pair always stands right and left of the subtend- 
ing-leaf. Every such lateral shoot of the first order usually produces a bilateral 
branch-system, which spreads out in one plane. This plane is usually horizontal in 
seedlings of Thuja gigantea, T. Lobbii> &c., and the principal section therefore vertical. 
But thus is not without exception; lateral branch-systems are formed here and there 
spreading in a vertical plane, the principal section of which is therefore horizontal ; and 
this is sometimes repeated in some of the lateral shoots of the second order. I found, 
however, on a strong seedling of Cupressus Lawsoniana seventeen lateral systems of 
shoots (standing in two opposite rows on the primary stem) all spreading in a vertical 
plane, while only one lower system spread horizontally. These differences in the 
position of the principal section of lateral branch-systems are not however brought 
about by torsions, which would easily be recognised from the phyllotaxis; they are 
original, and permanent. Where a lateral shoot of the first order branches hori- 
zontally, its branches are produced only from the axils of leaves that stand right and 
left; where it branches vertically, only from the axils of leaves that stand above and 
below. Now since the principal sections of these lateral branch -systems have altogether 
different inclinations to the horizon, it is scarcely possible to suppose that gravitation 
(or light) has any immediate influence on the origin of the lateral branches of the 
second order. The vertical position of the principal section of lateral shoots of the 
first order is much more constant in Araucaria excelsa ; and here, as horticultural 
experience shows, we have a phenomenon inherent to lateral arrangement; — lateral 
shoots, planted vertically as cuttings, take root and continue to grow vertically, but 
produce only lateral shoots in two rows ; the branch which has once been produced as 
a lateral shoot does not change, when placed vertically, into a many-sided primary stem 2 . 

I may add a few remarks on the species of the genus Begoma } which show that the 
relation of the bilateral arrangement of the parts to external influences may be entirely 
different in very closely allied forms, while it is constant for members of the same plant. 
The leaves of Begonias are alternate in two rows; on thick stems the two rows 
approximate on one side of the stem, and the other side of the stem appears naked ; 
the shoot is thus not only bilateral, but it has a leaf-bearing anterior and a naked 
posterior side which are very unlike. The blade of the leaves is very unsymmetrical, 
one half being much larger. The larger halves of all the leaves are turned towards 
the posterior side of the stem ; and this can be used to distinguish the posterior and 


1 Axillary shoots are formed on the upper side of the mother-shoot near its base in Cercis . and 
bear inflorescences. 

* [This is not without exception; see Gceppert, Acta Acad. Nat. Cur. 1 868, p. 34, t. 1.] 
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anterior sides even in slender-stemmed species, as B. undulata and •"“"‘"ate, although 
in these cases the leaves are not approximated on the anterior side, but follow exactly 
the divergence £. It is well to remark at the outset that the leaf-stalks of Begonias are 
moderately heliotropic, while the axes of the shoot are scarcely so. In thick axes 
heliotropism appears to be entirely wanting ; in slender axes (J 5 . undulata and incamatd) 
it is always very slight. Some species with moderately thick stems, as B. Verscbaffeltn 
and manicata , grow upright when the light comes from one side ; very thick-stemmed 
species bend without reference to the direction of the light, while slender-stemmed species 
allow their weak branches to hang down without pointing in any one definite direction. 
If attention be now paid to the direction in which the stems bend, the plane of 
curvature is found always to coincide with the principal section of the shoot which 
divides it into two similar halves, each possessing a row of leaves. A definite relation- 
ship is also manifested between the tendency to bend and the relative thickness and 
length of the internodes. If the thickness of the internodes be represented by 1, then, 
in the upright stems of Begonia nitens % Mbkringi, and sinuata , their respective lengths 
are 9, 3*2, and 2 ; in the slightly curved B. manicata it is 1 or less; but in procumbent 
and strongly-curved stems as low as 07 (B. hydrocotyl'rfolia ), 0*4 (B. pruinata), and 0*2 
(B. ricinifolia). In the slender-stemmed upright species the rows of leaves are 
diametrically opposite to one another; in the species with slightly-curved thicker stems 
they approach on the anterior side ; in the very thick-stemmed species which are bent 
downwards the insertions of the leaves are placed entirely on the anterior side 1 . In 
the thick-stemmed Species the stem curves downwards with the anterior side concave, 
or lies procumbent ; but in this case it is always the leafless posterior side which 
faces downwards and puts out adventitious roots (B. ricinifolia and macropbylla). In 
species on the other hand which have tall stems and slender internodes, the branches 
hang down, and in this case it is the posterior side which becomes convex and faces 
upwards (B. undulata and incarnata). Or, in other words, if we look at the buds, in 
the slender-stemined forms all the larger halves of the leaves when first formed turn 
upwards, while in the thick-stemmed forms they turn downwards. The want of sym- 
metry of the leaves is thus, when the position of the bud is inclined, opposed to 
gravitation, and when the stem is upright has no relationship with it. In species with 
short internodes and thick stems only a few lateral shoots are developed, in those 
with slender stems a great many. Such a relation constantly occurs in other cases 
(Cactaceac, Palms, Ferns, and to an extreme extent in hoetes). The bilateral arrange- 
ment of the lateral branches is connected with that of the parent axis in the following 
way : — in all species the posterior side of the lateral branch, and hence the larger halves 
of the leaves, faces the parent axis ; the principal section of the former in the slender- 
stemmed species is therefore at right angles to that of the latter. In thick-stemmed 
species, where the axillary shoots are approximated in front, the principal section of the 
lateral branch makes an acute angle with that of the parent axis. As development pro- 
gresses, the branches of slender-stemmed species retain nearly their original position ; 
in thick-stemmed species where the anterior and posterior sides differ greatly, the lateral 
branch twists in such a manner, that its posterior side faces in the same direction as that 
of the parent axis. 

1 have no precise information as to the mode of life of different species of 
Begonia, but suppose that those species in which the anterior and posterior sides arc 
differentiated, and which do not cling to the ground, may have the power of climbing, like 
the ivy; although observations which I have had made for this purpose in the botanical 
garden at Wlirzburg have not yet led to any satisfactory result, partly because the 
plants were already too old, partly because the access of light was possibly too small on 

1 The absolute measures of thickness run almost parallel to the above-named relative ones ; the 
relatively thickest internodes are also usually absolutely the thickest, and these stems show' the most 
decided tendency to a horizontal growth. 
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the anterior side. The facts stated above do not negative the hypothesis that with 
stronger access of light from one side the stems of Begonias may possibly be aphelio- 
tropic. It appears moreover from Martius (‘Flora brasiliensis,* fasc. XXVII. p. 394) 
that at least some Begonias cling to rocks and the stems of trees l . . 

Sect. 28. Characteristic Forms of Leaves and Shoots. — The peculi- 
arities of thallomes, leaves, axes, and roots which are common to whole classes, 
orders, or families, are the subject of special morphology and systematic botany; 
on the other hand it is the province of physiology to study the special organi- 
sation by which the members of a plant become adapted to perform definite 
functions. There are, however, some peculiarities of growth which recur in dif- 
ferent divisions of the vegetable kingdom, or present themselves in striking con- 
trast to the ordinary phenomena, and which are for this reason well adapted to 
bring into prominence the value of general morphological ideas. Peculiarities 
of this kind are termed characteristic , and they must be briefly mentioned here, 
chiefly in order to explain some scientific terms which will be used in Book II. 
We may limit our remarks to leaves and leaf-bearing shoots, since the forms 
of the thallus will be treated in sufficient detail in the chapter on Thallophytes, 
and those of roots present only slight characteristic differences, to which refe- 
rence has already been made; the characteristic forms of hairs has already been 
sufficiently alluded to. 

(1) Forms of Leaves. When fully developed, leaves are usually flatly extended 
plates of tissue, the extension being generally in directions right and left perpendi- 
cularly to the median plane or principal section, so that the surface of the leaf lies 
transversely (at right angles or obliquely) to the longitudinal axis of the stem. This 
is generally quite true for the base of flat leaves ; but the upper part of the surface 
of the leaf is sometimes itself extended in the direction of the median plane, so 
that the plane of extension coincides with an axial longitudinal section of the stem, 
as in the genera Ixia , Iris , &c. But sometimes the leaves are not flat, but conical 
or polyhedral; conical with almost circular transverse section in Characeae and 
Pilularia , polyhedral in some species of Mesembryanthemum and Aloe. 

The outline of leaves is either simple or segmented ; the former is the case 
when no definitely separated parts can be distinguished in the leaf; a leaf is 
segmented when it consists of pieces of various shapes, which are more or less 
separated from one another. Leaves which are not flat are usually simple, as 
also are those which are flat but small, their length and breadth being inconsider- 
able relatively to the stem, and not exceeding a few millimetres or centimetres in 
absolute measurement. Larger leaves are usually distinctly segmented, and in 
general the degree of segmentation increases with the increase of size; the small 
simple leaves of Mosses, for instance, may be contrasted with the large segmented 
leaves of Ferns, the small simple leaves of Lycopodiaceae and Coniferas with the 
large compound leaves of Cycadeae, the small simple leaves of Linaceae with the large 
much-divided leaves of the nearly-allied Geraniaceae, &c. The segmentation of leaves 
usually consists in the distinction of a basal portion which generally remains narrow, 
cylindrical, or prismatic, and of an upper portion which is flatly extended; the 


1 On heliotropibin see Book III. Chap, 3. Sect. 8, 
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former being called the leaf-stalk or petiole , the latter the blade or lamina . Or the 
lower portion of the leaf has the form of a sheath enclosing the stem and 
younger leaves like a hollow cylinder. If the upper part is flatly expanded the leaf 
then consists of a sheath or vagina and a blade ; it sometimes also happens that a 
stalk intervenes between the sheath-like basal portion and the lamina, as in Palms and 
some Aroideae and Umbelliferse. Segmentation into sheath, petiole, and blade may 
be distinguished as longitudinal, from lateral segmentation, which consists of actual 
branching, as in pinnate, deeply lobed, or compound leaves, or of a rudimentary 
branching, as in indented, toothed, and sinuate leaves, Leaves are termed compound 
in which the individual lateral pieces of the lamina are completely separated at their 
base ; while those forms are termed lobed in which the lateral branches are only more 
or less projecting portions which unite at their base. If the individual branches of a 
branched leaf are sharply separated, each branch forms independently, so to speak, a 
leaf, and is hence distinguished as a leaflet . The pinnation, like the formation of 
lobes, may be repeated. If the branches are obviously arranged in two rows the 
leaf is said to be pinnate if it is a compound leaf ; pinnately-lobed, pinnatisect, or 
pinnatifid if^ the divisions are incomplete ; dentate, serrate, or crenate if the lateral 
projections are very small relatively to the lamina. If, on the contrary, the branches 
or lobes of the lamina are aggregated at the end of the petiole, and radiate 
from it, the leaf is said to be digitate, palmatcly lobed, &c. It is termed peltate 
when the lamina is attached not by a portion of its margin, but at a point 
on its under surface (as in Tropatolum , Nelumbium , &c.). These are only a few of 
the more important forms; the student will find in every text-book a number of 
other distinction^ and terms employed in the special description of plants l . 

As occasional appendages, which indicate a still further segmentation of leaves, 
must be mentioned stipules, ligular structures, and hood-like outgrowths. 

Stipules may be considered as lateral branches of leaves which arise at their 
very point of insertion ; they stand in pairs right and left of the base of the leaf, 

either entirely distinct from it (free) or united to it in growth (< adnate ); each single 

stipule is usually bilaterally unsymmetrical, and its shape is the reflected image 
of the other. Stipules are not formed until after the origin of the leaf, but then 
grow much more rapidly, and attain their final development at an earlier period; 
hence they play an important part in the position of the parts in the bud. In 
vernation they either extend by their inner margins (those facing the median plane of 
the leaf) over the back of the leaf and cover it outside either partially or entirely, 
or they extend in front of the leaf (on the side facing the stem) right and 

left, and thus cover the parts of the bud next youngest in age. In one or the 

other of these modes chambers are not unfrequently formed by the stipules, in which 
the formation of the leaves is completed, and from which they expand and unfold; 
the stipules then either also remain and unfold, or die and drop off. 

The term ligule is applied to a membranous outgrowth on the inner side of 
the leaf of Grasses at the point where the flat lamina bends out at an angle from 
the sheath; it stands transversely to the median plane of the leaf. Similar out- 
growths are also found elsewhere, as on the petals of Lychnis and Narcissus (where 

1 [Gray's Botanical Text-book, Part I, Structural Botany, 1879, S‘ ves perhaps the best English 
exposition of the current terminology of Flowering plants.] 
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they form the so-called Corona ), on the leaves of Allium , &c., and may be included 
in the general term of ligular structures. Outgrowths sometimes occur from the 
posterior (outer) side of leaves, as, for instance, the large hood-like appendages 
of the stamens in Asclepiadeae. 

It is only in some Muscineae that the tissue of the leaf consists throughout of 
a single layer of cells. Usually, especially in large leaves, the tissue is composed 
of several layers, and, in vascular plants, is distinguished into epidermis, paren- 
chymatous fundamental tissue, and fibro- vascular bundles. The fundamental tissue 
is termed mesophyll ; the system of the fibro-vascular bundles running into the 
leaf forms the so-called venation . In the leaves of many Mosses which otherwise 
consist of only one layer, there runs in the middle from the base towards the 
apex a bundle of several layers, called the mid-rib; in leaves of more com- 
plicated structure there is also usually a mid-rib which runs from the base to the 
apex of the lamina, and divides it more or less symmetrically into two halves. 
The same occurs in every lateral leaflet or in every branch or lobe of the lamina ; 
from the mid-rib spring the lateral veins which run to the margin of the leaf. In 
larger leaves, especially those of Dicotyledons, the fibro-vascular bundles which 
traverse the mid-rib and its stronger branches arc enclosed in a thick paren- 
chymatous layer of tissue, the cells of which differ from those of the mesophyll. 
Usually these veins project on the under side of the leaf, and the larger the 
whole lamina the more strongly are they constructed (especially the mid-rib). 
The finer veins, on the contrary, consist of single fibro-vascular bundles, often 
branching extensively, which run through the mesophyll of the lamina itself. 
The kind of venation varies in different classes of vascular plants, and is often 
very characteristic of large groups. This will be explained more in detail in the 
proper place. 

In Characeae, Muscineae, and Vascular Cryptogams, all the leaves of a plant 
are usually similar, being either simple or segmented in the same manner, although 
the segmentation, especially in Ferns and Rhizocarps, is simpler in young than in 
the large leaves of mature plants. But it also happens, even in Cryptogams, that 
leaves of very different forms are found on the same plant. Thus some Muscineae 
form colourless minute leaves on the underground creeping shoots, and in the neigh- 
bourhood of the organs of reproduction they often produce leaves of a different 
shape from those on the rest of the upright parts. In the same manner among 
Ferns the leaves on the underground shoots (stolons) of Struthiopieris gcrmanica 
are represented by thin membranous scales, which are replaced on the upright end 
of the stolon by large green pinnate leaves. In Salvinia , among Rhizocarps, each 
whorl consists of two simple roundish leaves which rise into the air, and one that 
hangs down into the water and consists of filiform branches. Even in Coniferse and 
Cycadeae variation in the leaves of the individual plant is much more common; 
while in Monocotyledons and Dicotyledons the shapes of leaves become extra- 
ordinarily variable, not only on the same plant but often on the same axis. 

The two most common forms of leaves are the scale- or ‘cataphyllary’ leaves 1 
and the foliage-leaves. 

1 [Henfrey, in his translation of Braun’s ‘ Rejuvenescence in Nature’ (Ray Soc., Botanical and 
Physiological Memoirs, 1853), first proposed to render the terms llocliblall, Nicdcrblatt, and 
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The foliage-leaves 1 are always distinguished by their green colour, owing to 
their containing chlorophyll (which however is sometimes concealed by red sap); 
and it is these which, in popular language, are exclusively called leaves. Usually 
they are the largest foliar organs of the plant, lasting the longest, and distinguished 
by the greater degree of segmentation of the outline, as well as by the more perfect 
development of their tissue. As the chief store-houses of chlorophyll they are the 
most important organs of assimilation, and are always destined to be expanded to the 
light even when they are formed on underground growing points (as in Sabal , Pleris 
aqutlina , &c.). When small they are usually produced in great numbers on a shoot ; 
as they increase in size their number and the rapidity of their growth diminishes in 
proportion. In this respect the numerous small leaves of Mosses may be compared 
with the few large leaves of Ferns, the numerous small leaves of Conifers with the 
few large ones of Cycads, &c. 

Scale - or Cataphyllary leaves are usually produced on underground shoots, 
and remain buried in the earth, although they also frequently occur above ground, 
especially as an envelope to the winter- buds of woody plants (as the Horse-Chesnut, 
Oak, &c.). *In the genus Pinus the primary and strong lateral axes form leaves 
of this kind only; the acicular foliage-leaves appear in tufts on small axillary 
shoots; in Cycas scale-leaves alternate regularly on the stem with large foliage- 
leaves. Seedlings (as of the Oak) and the lateral shoots from underground axes 
often begin with scales and only advance at a later period to the production of 
foliage-leaves (e. g. Siruthiopteris, JEgopodium , Orchis , Polygovatum , &c.). In 
parasites and plants which live on decaying vegetable matter (saprophytes) and 
are destitute of chlorophyll (e.g. Monotropa , Neotlia , Corallorhiza, Orobartche, &c.) 
the scales are the only foliar structures of the vegetative parts, the foliage-leaves being 
absent. Even in those plants whose foliage-leaves are much segmented the scales 
remain simple ; they are distinguished by a broad base, usually diminutive length, 
the absence of prominent veins, and by forming no chlorophyll or only very little. 
They are colourless, yellowish, reddish, or often brown ; their texture is, aocording 
to circumstances, fleshy, succulent (as in some bulbs), membranous, or tough like 
leather. 

In Phanerogams, especially in Monocotyledons and Dicotyledons, several other 
forms of leaves make their appearance as a preliminary to fertilisation — bracts, 
sepals, petals, stamens, and carpels. The thick seed-leaves or cotyledons will be 
spoken of in detail as a peculiarity of these classes. 

From the point of view of the Theory of Descent we are justified in considering 
all other forms of leaves as subsequent metamorphoses of foliage-leaves ; and these 
latter are therefore regarded as the original typical leaves. When they lost their 
original function —the assimilation of food-materials — and served other purposes, 
they assumed at the same time other forms and structure. The same is meant 
when certain tendrils and spines are said to be metamorphosed leaves. Leaf-lendrils 

Laubblatt by ‘ hypsophyll/ 'cataphyll,’ and ‘euphyll.’ The two first of these are useful additions 
to botanical terminology ; the last, however, does not seem to be required, tyeing precisely equivalent 
to the term foliage-leaf, which is already in general use (hypsophyll « bract)]. 

1 Compare the characteristics of the formations of leaves in A. Braun, Veijungung in der 
Natur, Fraburg 1849-50, p. 66. [Ray Soc., Hot. and Phys. Mem. 1853, p. 6a.] 
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are leaves or parts of leaves which have become filiform, and possess the power 
of winding round slender bodies and thus of serving as climbing organs (as in 
Vicia, Gloriosa, Smilax aspera , (fee.). Leaf-spines are leaves which have developed 
into long, conical, pointed, woody bodies; they take the place of foliage-leaves 
(Herberts) or stipules (Xanthium spinosum , some species of Acacia). These two 
kinds of metamorphosis occur almost exclusively in Flowering plants (Angio- 
sperms), the morphological and physiological perfection of which, in comparison 
with Cryptogams and Gymnosperms, is especially due to the capability of their leaves 
to assume the most various forms. 

(a) Forms of Shoots. The axis of leaf-bearing shoots is, when sufficiently 
developed, usually columnar, with a cylindrical or prismatic surface. If the growth 
in length is very small in proportion to that in thickness, the short column forms 
a plate, as in the bulbs of Allium Cepa, and Isoe'tes ; if the growth in length is 
somewhat greater, with at the same time considerable increase of thickness, 
rounded or elongated masses are produced (as the tuber of the Potato and Arti- 
choke, the aferial stems of Mammillaria and Euphorbia meloformis)\ when the 
growth in length greatly preponderates we have stems, scapes, and filiform struc- 
tures of various kinds. Very commonly the same shoot shows differences of this 
kind in successive stages of its longitudinal growth ; thus the stem of the Onion, 
which is at first broad and tabular, afterwards rises as a high naked scape, the 
end of which in its turn remains short, and thus produces the umbellate in- 
florescence; and in the same manner the thick tuber of the Potato is only the 
swollen end of a slender filiform shoot. Among the numerous deviations from 
the columnar form of the axis the conical is of peculiar interest. The conical 
stem is of two kinds; it may be slender at the base, increasing in thickness with 
further growth in length, so that each portion of the axis is thick in proportion 
to its youth, and the upright stem resembles a cone placed upon its point; the 
growing apex then lies on the surface which is turned uppermost, or rises above 
it as an upright cone. This form occurs in the stems of Tree-ferns, Palms, in 
Maize and in many Aroideae ; it depends on the absence of a secondary growth 
in thickness, while, with the age of the plant, the young tissue of the stem becomes 
constantly larger in circumference immediately beneath its apex; w'hcn this in- 
crease ceases, the circumference of the later increment of length remains the 
same, and the inverted conical stem continues to grow in the form of a cylinder. 
The second form of conical stem is caused by a long-continued secondary growth 
in thickness together with the small circumference of the shoot at the growing point ; 
this occurs in Conifers and many dicotyledonous trees, the older stems of which 
are thick below but slender above, and thus resemble a slender cone placed on 
its base. 

The habit of a leafy axis or of a segment of one*is usually in close relation 
to the number, size, and formation of its leaves. If the internodes are very short 
but the leaves small and numerous, the surface of that portion of the axis is nowhere 
exposed, and the leaves only are seen, as in species of Thuja and Cupressus , and 
some Mosses (Thuidium)\ in such cases whole branch-systems frequently have the 
appearance of multipinnate leaves. If the closely packed leaves are large, they form 
a rosette enveloping the end of the stem, while the older parts of the stem are 
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clothed with the remains of the leaves, or are naked, as in Tree-Ferns, procumbent 
species of Aspidium , Palms, species of Alo&\ &c. 

If a comparison is made between the amount of development in bulk which 
takes place in the leaves and in the axis of a shoot, we find as extremes on one 
side, for example, the Cacti ( Cereus , Mammillaria , Echinocactus , &c.) with gigantic 
axes and entirely abortive leaves, on the other side the Crassulaceae with fleshy 
crowded leaves and comparatively weak stems; or on one side the underground 
tubers of the Potato with scarcely visible scales, and on the other side the bulbs 
of Liliaceae with fleshy scales which entirely envelope the short stem. 

In reference to the formation of leaves which appear on the shoots, it must 
first be noted whether the same axis always produces only similar leaves or such 
as gradually vary in form. The first is the case, for example, in most Muscinea?, 
Ferns, Lycopodiacese, Rhizocarps, all Equisetaccse, and most Conifers ; the latter, 
on the other hand, occurs commonly in shrubby Dicotyledons. In Monocotyledons 
and Dicotyledons (to a certain extent even in Conifers) it not unfrequently happens 



Fig. 156 . — Rhizome of I'terts ac/utltna ; 1, 11, 111 the unilergrnund creeping axes; ss the apex of one of them; t — 6 the 
basal parts of the leaf-stalks; 7 n young leaf; (> a decayed leaf-stalk, the basal portion of which is still living and bears a bud 
Ilia ; the hairy threads are roots which arise behind the growing apex of the stem. 


that the different forms of leaves are distributed over different generations of shoots ; 
certain shoots produce, for example, little or nothing but foliage-leaves, others 
produce only bracts with or without flowers (e. g. Begonia ). In such cases the 
shoots may be designated, according to their leaves, scaly shoots, leafy shoots, 
bract-axes, flowers, peduncles, &c. On this point further details will be given in 
Book II. 

It is of very common occurrence with Cryptogams and Angiosperms (not 
with Gymnosperms) for a persistent primary axis or branch-system to continue to 
grow underground, and to send up only at intervals long foliage-leaves or shoots, 
which subsequently disappear in their turn and are replaced by others. When 
such axes or branch-systems lie horizontally or obliquely in the ground, and 
produce lateral roots, they are called rhizomes (Fig. 156), (as in Iris, Polygonatum , 
Pier is aquilina and many other Ferns). Frequently they die at the posterior and 
continue to grow at the anterior end. Underground tubers and bulbs are more 
transitory structures, usually lasting only for one period of vegetation ; the fornix 
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arc characterised by the preponderance of the axial mass with a, very small amount 
of leaves, the latter, on the contrary, by the preponderance of leaves closely packed 
round a short stem. If the lower parts of a plant produce slender lateral shoots 
with small scales growing upon or beneath the earth, and after rooting at a con- 
siderable distance from the mother-stock produce foliage-shoots or shoots stronger 
than themselves, they are called stolons , as, for instance, in JEgopodium Podagraria , 
Fragaria, Strulhiopteris germanica , and in Mnium and Catharinea among Mosses. 

The greatest degree of variation from the ordinary forms of shoots is displayed 
by the flat leaf-like axes and branch-systems, and by the stem-tendrils and spiny 
shoots which occur frequently in Angiosperms. Leaf-like axes (pkylloclades) 
are found in thoSe Phanerogams in which large green foliage-leaves are wanting, 
and they replace them physiologically ; their axial structure is of considerable 
superficial extent, and they produce and expose to the light large quantities of 
chlorophyll ; they generally bear only very small membranous scale-leaves. Ex- 
amples may be found in Phyllocladus among Conifers, Ruscus among Mono- 
cotyledons, and among Dicotyledons in Miihlenbeckia platyclada (Polygonaceae), 
Xylophylla (Euphorbiaceae), Carmichaelia (Papilionaceae), and in Opuntia brasilicnsis 
and llhipsalis crispala (Cactacese), &c. 

Stem-tendrils , like leaf-tendrils, are long, slender, filiform structures, which have 
the power of winding spirally round slender bodies in a horizontal or oblique position 
with which they come laterally into contact, and thus serve as climbing organs ; they 
spring laterally from shoots which have not the form of tendrils, and are distinguished 
by the absence of foliage- leaves, their power of forming leaves being mostly limited 
to very minute membranous scales. They are usually easily distinguished from leaf- 
tendrils by their origin, position, and by the production of leaves ; cases, however, 
occur where the morphological nature of a tendril is doubtful, as, for instance, 
in Cucurbitaceae *. Evident examples of stem-tendrils are to be met with in 
Vi its, Ampelopsis , and Passijlora . Shoots which bear strongly developed foliage- 
leaves on long slender internodes, and which have the power of winding in an 
ascending manner round upright supports, are not considered tendrils, but are 
called twining or climbing stems’ 1 * 3 * ; a distinction is drawn between tendril- 
climbers (as Vitis) and stem-climbers (as Phaseolus , Humulus , Convolvulus , &c.). In 
Cuscuta , where the primary shoot and all the lateral shoots, except the inflorescences, 
twine in the manner of tendrils and of climbing stems, and where foliage-leaves are 
also entirely suppressed, the peculiarities of tendrils and of climbing stems are to a 
certain extent united. A distinction similar to that between stem-tendrils and climb- 
ing stems is also possible in leaves; the foliage-leaves of Lygodium exhibit con- 
tinuous growth in length, and behave completely like climbing stems, the rachis 
of the leaf corresponding to a climbing axis, and the leaflets to its foliage-leaves 8 . 

The axial shoots of many Angiosperms have, like the leaves, the power of 

1 According to Wanning these are also metamorphosed branches. 

8 Compare H. von Mohl, Ueber den Bau und das Windcn der Ranken und Schlingpflanzen. 
Tubingen 1827. [See also Darwin, On the Movements and Habits of Climbing Plants, London 

1875.] 

3 Compare Book II, Ferns, and Book III, on the Physiological Signification of Tendrils and 

Climbing Stems. 
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forming spines, becoming transformed into conical, pointed, hardened bodies. 
This may take place either by the whole shoot or even a whole branch-system 
becoming spiny, with suppression of the foliage-leaves, as in the branched spines 
ol Glcditschia ferox , or by the shoot first producing foliage-leaves, growing in the 
ordinary manner, and finally finishing its growth in length by a spiny point, as 
in the lower axillary shoots of Gleditschia triacanthos , Prunus spinosa, and many 
others. 

Among Phanerogams, especially Monocotyledons and Dicotyledons, displacements of 
the leaves and lateral shoots (as well as roots), and adhesions of members, constantly occur, 
which, as development advances, are in apparent contradiction to the typical laws of 
growth and local position which are the ordinary ones in these classes ; and it appears 




FIG, 157 — Diagram of the .Adhesion of leaves 
with the axial parts of their axillary shoots (after 
Nagcli and Schwcndencr; Das Mikroskup). 


FlG. 1 58 . — Herminium Monorchts (after T. Innisch : Biologic 
und Morphnloyie der Orchidcen. Leipzig 1853) ; / the lowei part 
of a flowering shoot (natural size) ; //, /// the part containing the 
bud (magnified). 


impossible to apply even the most general rules of growth which we have now been con- 
sidering. It would be difficult for even a clever beginner to explain by the principles which 
have been regarded in this chapter as most universal, the structure, for instance, of the ex- 
panded flower of an Orchis, Rose, Lam'tum, Safoia, or of many other plants, of a partially or 
wholly ripe fig, or the phyllotaxis in the inflorescences of Borragineae and Solanaceae and 
many others. But the history of development shows that even such cases may be ranged 
under these laws, and that peculiarities of structures of this kind only arise at a later 
period, or in such a manner that they confirm general rules. The deviations from these 
laws are caused by the cessation of the growth of particular parts at an early period, while 
others undergo a great advance; or they are caused by the adhesion of parts originally 
distinct. Although it is quite impossible to give general rules for the explanation 
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of abnormal formations, yet the causes which most commonly produce these results 
may be mentioned ; these may be included under the heads displacement , adhesion, and 
abortion. Very commonly the two first act in unison, and in many flowers combine with 
abortion to produce complex organs difficult to explain. It belongs to the most beautiful 
problems of morphology to refer such apparent except^ns to more general laws of 
development; and the determination of natural affinity, the definition of* the typical 
characters of whole classes, orders, and families, depends upon it. Since, however, these 
complicated phenomena belong almost exclusively to Angiosperms, and in them occur to 
much the largest extent in the flowers and inflorescences, the best place for a more 
detailed description will be when the characteristics of this class are under consideration. 
Some explanation may, however, be given here, by means of a few examples, of the use 
of the terms displacement, adhesion, and abortion. 

Fig. 157 represents diagrammatically a branch-system developed sympodially and 
proceeding from an axillary shoot; 1, 1 being the first shoot with its two leaves 1* and 
i b ; in the axil of the leaf i b is developed the shoot 2, 2, with its two leaves 2®, 2 b ; in 
the axil of its leaf (2 b ) again arises the lateral shoot 3, 3, with its leaves 3®, 3 b , and so on. 
The parts of the stem of the shoots 1, 2, 3, 4, which proceed from one another, form a 
straight pseud-axis or sympodium with the peculiarity that the mother-leaf in whose axis 
the lateral shoot developes adheres to it, and is carried up by it for some distance. If 
we call the globular ends 1, 2, 3, 4 of the figure flowers, the whole is well adapted to 
represent diagrammatically the inflorescence of some Solanaceae. If the leaves i ft , 2 ft , 3®, 
4® are supposed to be removed, the diagram might stand for the primary branch of the 
inflorescence of Scdum. If, on the other hand, a lateral shoot is supposed to be formed 
in each case in the axil of the leaves i®, 2®, 3®, 4® in the same manner as on the other 
side with displacement of the mother-leaf, this would repeat diagrammatically in a simple 
manner the branching and phyllotaxis of Datura 1 . 

Still more complicated are the phenomena in Fig. 158, where / represents the lower 
part of a flowering plant of Herminium Monorchis, t t is the surface of the ground, and 
what lies below this is therefore underground : jB is a swollen spherical root, above 
which rises the leaf-bearing shoot, which produces in its lower part slender lateral roots, 
<w, <w, <w y as well as a sheath -like scnle 2 b , and two foliage-leaves c , d, and continues 
higher as a slender scape A , bearing a raceme of flowers at its summit. Turning our 
attention exclusively to the structure H ; we find it to be a shoot which contains the bud 
for the next year; for the whole plant Ay B in / dies off after flowering, a similar plant 
being produced the next year from the bud contained in H. H is therefore an axillary 
shoot of the scale b , an earlier condition being represented in Fig. Ill, where M repre- 
sents the base of the leaf b cut through its median plane ; g is a fibro-vascular bundle 
running from the primary axis to the bud u\ bl is the first leaf of this bud u which 
is placed with its back to the mother-axis and forms a diminutive sheath enclosing 
the succeeding leaves of the bud u ; B 2 is the young tuberous root with its root-sheath *v. 
In order to understand the displacement which has already taken place, the whole lower 
part between M and *v must be imagined shortened to such an extent that B 2 would be 
somewhere near the letter#; and the bud u must be supposed at the same time moved 
backwards towards 0 . By this means the normal position of the parts of H under con- 
sideration is restored, and it is intelligible that the channel /, inclosed by the base of the 
leaf bl, is a consequence of the oblique direction outwards of the growth of the tissue 
lying between 0 and u , that the root-sheath *u must be regarded as a part of the surface 
of the primary axis above M , and that in consequence B 2 has been formed in the 
tissue of the mother-axis beneath the bud u , and laterally on the fibro-vascular bundle g. 
In the normal position of the bud and root, the axis of growth of the latter would form 
almost a right angle with that of the bud, whereas by the displacement one forms a 

1 [See Payer, Elements de Botanique, p. 1 1 7.] 

8 A first scale in the axil of which the bud k stands is no longer to be seen. 



220 


MORPHOLOGY OF MEMBERS. 


prolongation of the other. The growth of the mass of tissue lying between g and u further 
continues in the same direction, and the whole lateral shoot assumes the form repre- 
sented in H (Fig. I ) ; the still further change of position of the parts which takes place 
in consequence is explained by Fig. //, where kn represents the bud u in ///, bl the 
still more elongated sheath of the leaf bl in III ; the channel / is the cavity inclosed by 
the leaf bl increased in breadth, and which, were there no displacement, would be entirely 
filled up by the bud u (or kn) \ 

In order to make the following displacement, which occurs very commonly, more 
intelligible, reference should be first made to Fig. 118, p. 154. This shows how the 
tissue beneath the apex expands laterally by early growth, so that the surface of the 
growing point, which would otherwise be elevated in a cone, becomes almost level ; and 
the apical point thus comes to lie in the middle of a plane instead of at the point of 
a cone. In the Sunflower this state of things remains nearly unchanged as the capituium 




FlG. 159.— Development of the fig of Ficus carica (after FlG. 160.— Development of the flower of Rosa alputa (after Taycr 

Payer : Organogenic de la fleur). Organogenic tie la fleur). 

developes ; but the abnormal growth increases in many cases to such an extent that 
the apical point eventually lies at the base of a deep hollow, the walls of which result 
from older masses of tissue, which properly lie beneath the apex, growing upwards and 
overarching the apex itself. This occurs, for instance, in the development of the fig, 
which, as shown in Fig. 159, is a metamorphosed branch, the apex of which is at I* still 
nearly level, at II has already been outstripped by a circular leaf-bearing cushion, and 
at 111 * is depressed in the form of an urn. The apical point of this shoot lies in this 
case in the deepest part of the hollow, the inner side of which is properly only the 

1 [Sec also J. H. Fabre, De la germination des Ophrydees et de la nature de leurs tubercules, 
Ann. dcs sc. nat. 1856, vol. V.] 
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prolongation of the outside of the fig, and bears in consequence a large number of flowers 
(exogenous lateral shoots). In the nearly related genus Dorstenfo the fig remains open ; 
the margins of the tabular part of the axis which bears the small flowers do not arch over 
and unite. 

On a process very similar to the formation of the common fig depends the origin of 
perigynous flowers and of inferior ovaries. Fig. 160 represents this in the perigynous 
flower of a Rose. 1 shows the very young shoot which is to develope into a flower, seen 
half from above and from the outside ; the end of the shoot is thickly swollen ; it has 
already produced the five sepals / /, and the five petals alternating with them are visible 
as little knobs, c , between which the apical region of the floral axis appears broad and 
flat. While the sepals grow quickly, the zone of the tissue of the axis out of which 
they spring becomes elevated in the form of a circular wall x in 17, which afterwards 
contracts the opening above as seen in IF; an urn-shaped structure is thus formed 
which is known under the name of a hip, and is distinguished when ripe by its red 
or yellow colour and its sweet pulpy tissue. Here also the apical point lies in the 
middle of the bottom of the hollow, and the inner surface of the wall of the urn is 
a portion of the outer side of the floral axis which has been turned in. To this cor- 
responds the acropetal succession of the leaves (which, however, is only adhered to in a 
general way). It is clear that if the apical point lies at y (in II), the order of succession 
of the leaves (in this case stamens st and carpels k) from above downwards must be 
termed acropetal. 

If an additional proof of what has just been said were wanted, it would be fur- 
nished by the history of development of the flowers of Geum , a genus very nearly 
related to the Rose (Fig. i 6 r). That part of the floral 
axis which bears the sepals /, the corolla c , and the stamens 
a a, is elevated in the form of a circular wall yy; but 
the apical region which in Rosa entirely ceases to elongate, 
becomes here again elevated as a conical body x, bearing 
at its summit the apical point of the floral axis. The order 
of succession of the foliar structures is again acropetal, 
and in consequence the stamens a are formed on the 
inner side of the axis yy from above downwards, the 
carpels which succeed them on x from below upwards. 

In Geum and other Dryadcac the urn yy spreads out at 
the time of fertilisation, its margin grows so vigorously in 
size that it expands in the form of a flat plate, and after 
the expansion its inner surface becomes the outer surface, 
in the middle of which the gynophore x rises like a cone, 
and in Fragaria afterwards swells out, becomes fleshy, and 
forms the strawberry (a pseudocarp like the hip). 

It will be seen that the formation of the fig, the hip, and 
that of the subsequently flat receptacle of Geum depends 
on a displacement which is caused by vigorous growth of 
masses of tissue that arise in the form of zones beneath the 
growing point. There is in these cases no such thing as 
adhesion of foliar structures (as is usually stated in works 
on descriptive botany). The so-called coherent corolla and calyx of gamopetalous or 
sympetalous and gamosepalous or synsepalous flowers are also not the result of cohe- 
sion; the petals or sepals are on the contrary formed as a whorl of separate pro- 
tuberances on the broad end of the young flower-stalk. That a gamopetalous corolla or 
gamosepalous calyx subsequently has the appearance of a bell having at its margin only 
as many teeth as the leaves of which it is considered to consist, does not depend on 
lateral cohesion of the margins of the leaves, but on the fact that the whole annular zone 
of the young receptacle which bears the corolla or calyx grows up ; the bell-shaped part 



Fig. 161.— Longitudinal (section of a 
young flower of iitHtn ■n'vaie. 
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therefore never consisted of distinct leaves, but is the common basal piece which is 
developed from the floral axis as a whole, and which shows at its margin the original still 
separate leaves as teeth of the bell. The reverse is the case in the leaf-sheaths of 
Equhetumy where an annular wall originally projects round the axis, from which the 
separate leaf-teeth afterwards grow out. In this case also the sheath cannot be con- 
sidered as formed by the cohesion of previously distinct pieces, but the separate teeth 
of the sheath must rather be considered as branches of a single annular rudimentary leaf. 
A similar explanation applies to the bundles of stamens which are generally termed 
coherent (monadelphous, polyadelphous, &c.) stamens. As many protuberances are 
formed originally as there are bundles of filaments to be produced ; and these pro- 
tuberances must be considered as the original staminal leaves which subsequently 
produce by branching a larger or smaller number of stalked anthers (as e.g. in Hypericum, 
Callithamnujy Sic.), Cohesions of parts originally distinct are rare ; examples are fur- 
nished by the connate inferior ovaries of two opposite flowers of an inflorescence in 
Lonicera alpigena, the fruits of Bentbamia fragifera which cohere into a large pseudo- 
berry, and the cohesion of the two stigmata in the flower of Asclepias to each other and 
to the anthers. The anthers of Composite are not truly coherent, but only glued 
together by their sides. 

Much ^rnorc common than actual cohesion is the abortion of members already 
formed. Thus, for instance, the paripinnate leaves of some Leguminosac 1 originate as 
imparipinnate leaves ; the terminal leaflet which is finally aborted is at first in the bud 
even larger than the lateral leaflets ; but, as development progresses, it is so retarded 
that in the mature leaf it overtops the origin of the uppermost lateral leaflets only as a 
minute point. In the same manner the v\ hole (branched) leaf-blades of many Acacias 
are also abortive, and are replaced by the petiole (phyllode), which is then expanded 
in its median plane. Still more complete is the abortion of the leaves from the axils of 
which spring the branches of the panicles of Grasses ; and in this class whole flowers 
are often aborted. In diclinous Phanerogams the unisexuality of the flowers 
usually depends on the abortion of the stamens in the female, of the carpels in the 
male flowers. Sometimes only one of several stamens is aborted, as in Gesneracese 
(e.g. Columned , where it is transformed into a small nectary); and the same occurs 
with the carpellary leaves (e.g. in Terebinthaceae). In all these cases the structure which 
is afterwards abortive is actually present in the bud or even later, but its further 
growth ceases. The comparison, however, of nearly related plants shows that very 
commonly certain members are wanting in the flower the presence of which might 
be expected from the position and number of the others and from their presence 
in nearly related forms, although in such cases even the earliest condition of the 
bud does not exhibit a trace of the absent member. Since from the point of view 
of the Theory of Descent it must be assumed that nearly related plants are descended 
from a common ancestral form, the absent member may in such cases also be sup- 
posed to be aborted, only the arrest of development which has once taken place at an 
early period is so complete and, has become so hereditary, that even its first rudiment 
is suppressed. The true theory of the structure of many flowers, and the reference 
of different forms of flowers to common types, often depends on the restoration of 
aborted members of this kind ; but to this we shall recur in detail in Book 1 1, when 
treating of Phanerogams. 

Sect. 29. Reproduction ; Sexual Organs; Alternation of Generations. 
Reproduction, or the production of new individuals, is generally brought about 
by particular portions of an individual becoming detached, which then have the 
power, first of all of producing new organs of nutrition, and afterwards of continuing 


Hofmeister, Ailgemeine Morphologic, p. 546. 
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their growth in such a manner that all the vital phenomena of the mother-plant 
are one by one reproduced in it. Since die same individual can form a number 
of reproductive organs, either simultaneously or successively, bo there is also, in 
the reproductive process, at least the possibility of a multiplication of individuals, 
inasmuch as, under favourable vital conditions, a number of descendants of the 
same mother-plant actually come into existence. But since all those portions of 
the surface of the globe which it is possible for plants to inhabit are already covered 
with vegetation, it is in general only possible for such a proportion of these 
descendants to arrive at full maturity, that the number of individuals in existence 
remains the same from year to year. We shall see in the third book what an 
important bearing this fact has on the struggle for existence and on the conse- 
quent production of new vegetable forms. At present we have to consider only 
the most important morphological phenomena connected with the organs of 
reproduction. 

The parts which become separated for the purpose of reproduction are very 
various in their nature. Among Cryptogams they consist most commonly of single 
cells,— spores, gonidia (or conidia ), oo spheres, anther ozoids : less often they are bodies 
consisting of a small number of cells united into a tissue, like the gemma or bulbils 
of the Marchantie®. In the more highly organised plants it frequently occurs that 
shoots, i. e. portions of the axis bearing leaves, become detached of their own accord 
in the bud- condition, then put out roots, and continue an independent growth ; buds 
of this kind occur, for example, in some Mosses, in many Ferns, in Lilium 
bulbiferum , several species of Allium , &c. Very often almost any part of the plant, 
such as detached pieces of leaves, stems, roots, &c., may become organs of reproduc- 
tion, that is, they are able, under favourable conditions, to put out adventitious buds, 
and thus develope into new plants. In Phanerogams, finally, the normal reproductive 
bodies are the seeds, in which, even before separation from the mother-plant, a 
new individual has already advanced to a lower or higher stage of development, 
so that when the seed germinates nothing more is necessary than an increase in 
size of the parts that are already formed, — root, stem, and leaves. 

In some cases the organs of reproduction appear, as it were, accidentally ; 
but we will not here consider these cases, but rathef turn our attention to those 
in which the formation of these organs is a necessary part of the life-history, and 
is essential to the complete development of the plant. These normal but still 
very various reproductive organs may be divided first of all into two groups, the 
sexual and the asexual. 

Reproduction is said to be asexual when the part of the plant which becomes 
detached is able, without the assistance of any other organ, to produce a new 
individual. Of this nature are the spores of the Hymenomycetous Fungi and of 
Ferns, the gemmae of Hepatic®, and most zoogonidia of Algae. 

Reproduction is, on the contrary, sexual when two organs, developed expressly 
for this purpose, co-operate to produce a body out of which, either directly or after 
some further processes, one or more new individuals arise. Notwithstanding the 
great variety in the form of the organs of sexual reproduction in the vegetable 
kingdom, and the complicated nature of the processes which often, especially in 
the higher plants, precede the act of sexual union, the essential feature of this 
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act is always that two cells of the simplest possible kind combine, either completely* 
coalescing with one another, or at least their contents becoming partially inter- 
mingled so as to afford a starting-point for a fresh development. It is the 
essential characteristic of sexual reproductive cells that each is incapable of 
further development by itself, this being the result of the combined action of 
two such cells. 

It is only in the lowest forms of vegetable life, in some Algae and Fungi, 
that the two cells which take part in the act of sexual union are alike or at least 
very similar in size, form, and physical properties. In this case their union is 
called conjugation , and the cell capable of germination which results from the 
union a zygospore . In all other cases the two uniting cells are strikingly different 
in size, form, and physical properties. In these cases one of the two cells, 
the male ce/l y conveys to the other only a very small quantity of material by 
means of which it produces an effect upon it ; this other cell, the female cell y 
contains by far the largest proportion of the material which takes part in the 
development incited by the act of union. With the exception of a few complicated 
cases among Algae and Fungi, which will be particularly described, the relation- 
ship betweei^ the two sexual reproductive cells is still more clearly indicated 
by the fact that the male cell is motile, carrying to the other cell the fertilising 
material. The motion of the male cell is however of two kinds ; it may either be 
spontaneous, as in most Cryptogams, when the cell is termed an antherozoid' ; 
or, as in Phanerogams, the male cell, then called a pollen-grain , becomes detached 
from the parent-plant, and conveys the fertilising material to the female cell first 
of all by the aid of external forces, then by its own growth. The female cell, on 
the other hand, which is fertilised by means of the male cell, remains at rest at 
the place where it was formed, or at most, as in the Fucaceae, is carried about 
passively; with the exception of the cases above referred to it is always a naked 
primordial cell, and is termed the oosphere , or germinal vesicle . After fertilisa- 
tion, it secretes a cell-wall, and is then termed an oospore ; from this, cither at 
once, or after a period of rest ( resting spore) y the young plant is subsequently 
developed. Some not inconsiderable deviations from this plan will have to be 
pointed out in the class Carposporeoe of Thallophytes ; but even in these cases 
the essential condition of fertilisation remains, that the male cell only incites to de- 
velopment, while the development itself proceeds entirely from the female organ. 

Very considerable variety is shown in the morphological characters of the 
sexual organs, if we take a comparative view of the whole vegetable kingdom ; 
but in the larger groups of plants we find the morphology of these organs to agree 
completely in all essential points, even when the anatomy of the vegetative organs, 
the habit and mode of life of the plants that compose them, vary greatly. When 
considering, in Book II, the distinguishing characteristics of the different classes 
of plants, our attention will be specially directed to the morphology of the sexual 
organs, and it will be sufficient here, as an introduction to what follows, to define 
the most general terms connected with these organs. 


1 [The term ' anthcrozoicT was first proposed by Derl^s and Solier, Ann. ties sc. nal. 1850, vol. 
XIV. p. 263.] 
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In some plants we find only one kind of reproduction, either only the 
asexual, as in some of the simplest Algae and Fungi, or only the sexual, as in 
the Conjugatae. 

But in most plants reproductive organs of both kinds, sexual and asexual, 
are produced either simultaneously or successively. The two kinds of reproduction 
may then occur in the same individual, as in Vaueheria or Eurotium, or may be 
distributed on different individuals. In both cases the entire process of development 
may be divided into two sharply separated stages: — At the termination of one 
stage sexual organs are formed: by their union the second stage of develop- 
ment is rendered possible, and this closes with the production of asexual spores. 
Such a course of development is termed, from the analogy of certain processes 
in the animal kingdom, an Alternation of Generations , a term which h especially 
applicable in those cases in which, in one or both of the two stages of develop- 
ment, multiplication of the individual also takes place by gonidia or gemmae, 
so that each of the two stages is complete in itself as a sexual or asexual 
generation. 

Since we have here to do with phenomena which are foreign to ordinary life, 
and hence somewhat difficult to understand, we will illustrate the nature of alternation 
of generations by a few simple examples. 

An alternation of generations is very evident in Ferns. The plant which we call 
in common language the Fern is mer^Jy the second stage in the process of develop- 
ment of the plant, or the asexual generation [sporophore]. It consists of a stem which 
forms true leaves and roots ; on the leaves are produced small capsules or sporangia, 
in which the spores are produced without any sexual process. But each of these 
spores does not, on germination, again produce a Fern, but a minute plant of 
extremely simple structure which nourishes itself independently as a leaf-like thallus 
with root-hairs. This little plant, termed a prothallium y may, under certain circum- 
stances, reproduce itself by gemmae ; and thus from a single spore an entire genera- 
tion of prothallia will arise, which also behave as independent plants, although 
each prothallium is only the first stage of development, the sexual generation 
[oophore], of a Fern. For, finally, the prothallia produce sexual organs ^repro- 
duction; and from the oosphere of the female organ is produced an embryo 
which developes into a Fern with true roots and leaves. In this stage also 
the Fern is capable of immediate multiplication by the production of bulbils 
from which Fern-plants are directly developed, but the normal development closes 
with the production of spores. Precisely the same processes as in Ferns take 
place also in the Equisetaceas and Ophioglossaceae. In the Selaginelleae the pro- 
thallium is formed inside the spore, and this class therefore establishes a transition 
to Phanerogams, where the prothallium is altogether rudimentary, and is found in a 
spore-like structure, the embryo-sac, within the ovule; so that the alternation of 

i cnerations, so evident in Ferns, can be recognised here ©nly by the most careful 
Bmparison with the most highly developed Cryptogams. This will be explained 
more in detail in Book II. 

In the Muscineae the alternation of generations is no less clear than in Ferns, 
although it assumes an entirely different form. A Moss, in the state in which we 
ordinarily see it, consists of a stem provided with numerous leaves and root-hairs £ 

Q 
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but this leafy plant does not, as in the case of the Fern, produce spores, but can be 
reproduced by bulbils of different kinds. At length however, like the prothallium 
of Ferns, it produces sexual organs, and an embryo is the result of the fertilisation 
of the oosphere : this is not connected organically with the Moss-plant, but remains 
attached to it, deriving its nourishment from it, and finally developes into a capsule 
supported on a long stalk, the Sporogonium , in the interior of which are produced 
numbers of spores. A number of these stalked capsules, *. e. entire generations, 
may arise on the same Moss-plant either simultaneously or successively. The 
course of development of a Moss is therefore divided into two sharply separated 
stages, viz. the formation of a leafy stem which produces sexual organs (oophore), 
and the production of stalked capsules out of the fertilised oospheres of the female 
organs. In Muscinea; the second or asexual generation (sporophore), the sporo- 
gonium, has no power of directly producing its like from itself, as is possible in 
the case of Ferns, by bulbils ; its only function is to produce spores 1 ; and when 
the spore germinates it gives rise first of all to a Protonema , which sometimes con- 
tinues to grow for a long while, and can reproduce itself by gemmae, until at lengh 
Mo^s-sterns with true leaves again appear on it, which also are capable of multi- 
plication Aiy means of bulbils. 

Even in Thallophytes we meet with various forms of an alternation of gene- 
rations 2 . It is well shown in certain Fungi of the class Ascomycetes which have 
been closely investigated, as, for example, in the common mould, Penicillium 
glaucum , the ordinary form of which is only the first generation or stage of 
development in its life. During this stage, the first or sexual generation, the 
so-called Mycelium , developes on special branches a number of cells ( conidia ), 
by which the Fungus is continually propagated in this form. But when the 
excessive development of these conidia is prevented by exclusion of the air, 
sexual organs arise, as Brefeld has shown, on the luxuriant mycelium, and in 
consequence of their union a tuberous body is formed of a totally different 
nature, within which spores are finally produced in extremely numerous sacs 
(asci) of peculiar form; and these, when they germinate, again produce the 
mycelium with its penicillate conidiophores. The mycelium of this Fungus 
(and strictly speaking of all Fungi) corresponds therefore to the first stage of 
development, the prothallium, of Ferns, or to the leafy Moss-plant; and all three may 
be considered as the Sexual Generation [oophore], since their normal development 
ends with the formation of sexual organs. In all three cases, this sexual gene- 
ration (prothallium, Moss-plant, mycelium) may propagate itself by gemma; or by 
conidia before it produces the sexual organs. The small tubers which are the result 
of fertilisation in Penicillium correspond to the second stage of development, viz. 
the sporogonium of Mosses, and the mature Fern-plant 3 ; in all three cases the 
product of this second generation [sporophore] is a large number of spores, by 

1 [The researches of Pringsheim and Stahl however have shown that this limitation can 
longer be maintained. See Book II. Group 2.] 

u [This explanation is now no longer generally accepted ; see Jouni. of Botany, 1879.] 

8 If, these small tubers in Penicillium are termed the fructification, then in the same 
sense the sporogonium of Mosses is a fructification ; and the Fern is also the fructification of 
the prothallium. 



ALTERNATION OF GENERATIONS. 


22J 

which the whole process of development is again repeated. And as in Ferns, in 
addition to the spores, bulbils are also sometimes developed on the mature plant, 
so penicilliate conidiophores are also occasionally produced on the tuber of 
Petiicillium. For the purpose of including this second stage of development in 
the various classes of plants under a common name, it may be termed the Spore- 
forming or Asexual Generation [sporophore], excluding from the idea of true 
spores the conidia of Penicillium> as well as the gonidia of Thallophytes. 

If now, in the three examples cited of alternation of generations, wc compare 
the organisation of the first or sexual with that of the second or spore-forming 
generation, it is seen that the latter, the result of an act of sexual union, is more 
highly and perfectly developed than the former, and therefore in this respect 
also represents the true close of the process of development Thus in Pcnicillium 
wc find the first generation developed in the form of a so-called mycelium, 
consisting of slender segmented branched filaments, while the second generation 
consists of a compact tissue of complicated structure. In Mosses again the 
first generation commences with a protonema, consisting, like a mycelium, of 
branched segmented filaments of cells; but here this generation advances to a 
higher development, since the protonema produces the leaf-bearing Moss-plant, 
the histological structure of which is still however very simple in comparison with 
the much more complete differentiation of the sporogonium. Still more strikingly 
are these characteristics seen in Ferns, where the first generation or pro thallium 
consists of a plate of tissue which shows scarcely any external differentiation, 
while the second generation or true Fern is a very highly organised plant, dif- 
ferentiated externally into root, stem, and leaves, the tissue itself being also 
differentiated into three well-marked systems, the epidermal system, the fibro- 
vascular bundles, and the fundamental tissue. 

Starting then from Alga: and Fungi, and proceeding through the classes of 
Muscinea:, Filices, and Equisctacea to the Lycopodiacea, and finally to the Phane- 
rogams, it Js seen that in the alternation of generations, the first generation 
(oophore) continually recedes in importance and independence, while the develop- 
ment of the second generation (sporophore) continually advances ; so that at length 
in Phanerogams the former is no longer a plant with independent power of growth, 
hut takes the form of a special mass of tissue, the so-called Endosperm in the repro- 
ductive apparatus of the latter, filling up along with the embryo the cavity of the 
seed-coats. In contrast to this, at the starting-point of the series (Alga: and Fungi), 
the first or sexual generation is alone developed as a plant with independent growth ; 
the second (asexual) generation appearing on it as its fructification or spore-fruit, 
represented, in its simplest form, by a single spore resulting from fertilisation, as 
will be illustrated in the introduction to the Thallophytes. 

Designating the course of development which we have sketched out as 
alternation of generations, each of the two stages may be termed an Alternating 
Generation. Each may, as we have seen, be propagated directly by gemmae, or 
by conidia, those developed by the first generation again producing individuals 
<>f the same kind; and in the same manner bodies of the same nature produced 
by the second generation will reproduce it. But this mode of reproduction may be 
wanting in either of the two alternating generations. 
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If we now regard the two alternating generations as two stages of development 
of the same plant, each of which is necessary to supplement the other, it is seen 
that, in the first place, the entire course of development of a plant commences 
twice with a simple cell:— the first time tjie development begins with the spore 
to form the first (sexual) generation, the second time with the oosphere in the 
female organ to produce the second (spore-forming or asexual) generation. Secondly, 
we find that, in addition to these two beginnings from spore and oosphere, which 
are united to one another by the complete course of development, a subsidiary 
mode of development may also occur, each of the two generations having the 
power of propagating itself directly. For the purpose of distinguishing them 
from the true spores with which the development of the second generation closes, 
we term all those reproductive organs which immediately propagate the same 
generation either Gemma or Gonidia. A Spore, in our sense of the term, arises 
only from the second generation, and gives rise, on germination, to the first 
generation; a bulbil or gonidium, on the contrary, may arise from either of 
the alternating generations and reproduce it. The same facts may be ex- 
pressed in the following manner: — Sexual cells (oospheres) and true spores 
indicate the turning-points in the alternation of generations; they are not organs 
for direct reproduction, for each of them always produces something different from 
that from which it immediately sprung ; the spore of the Fern, for example, gives 
rise to a prothallium, the oosphere of the prothallium to a Fern; the spore of 
the tuber of Penicillium does not again give rise to a tuber, but to a fila- 
mentous mycelium, on which the tuber again arises as the result of fertilisation 
of the female cell. Bulbils and gonidia are, on the contrary, organs for direct 
reproduction, by means of which the same stage in the process of development 
is again repeated; the bulbil, for example, which arises on the leaf of a Fern, 
does not produce a prothallium, but a Fern ; in the same manner the conidia 
formed on the branches of the mycelium of Penicillium do not, on development, 
give rise to the tuber, but to a mycelium like that on which they were borne. 

The alternation of generations, as we have now described it in a few examples 
where it is peculiarly well exhibited, does not occur in those classes of Thallophytes 
which have the simplest structure; its first indications are met with where an act of 
sexual union is first detected, until at length, in the more highly developed plants, 
the alternation is manifested with perfect sharpness. 

a. The idea of an alternation of generations is extended by some botanists con- 
siderably beyond the limits to which we have here confined it. It has been proposed, 
lor instance, to apply the term to the case of Phanerogams in which lateral branches 
with foliage-leaves spring from a rhizome clothed only with scales, and from these 
other branches which dcvclopc into flowers; and to others of a like nature. It is 
clear, however, that the cases in question have a totally different significance in the 
history of development to that of the alternation of generations, using the term in 
the sense indicated above ; they might be included, by way of distinction, under the 
common phrase Alternation of Axes. This phenomenon is one which is very incon- 
stant even within limited groups of plants, while, on the other hand, true alternation 
of generations prevails over almost the entire vegetable kingdom; and the mode in 
which it runs through particular groups of plants is one of the weightiest arguments 
in favour of the natural system. This will be further elucidated in Book II. 
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A. The problem which is met by the theory of alternation of generations in the form 
in which it has now been presented, is to refer the most important stages in the 
history of development of all plants to a single scheme which is illustrated most clearly 
in the cases of Muscineae and Filices, where Hofmeister first discovered this alternation 
in 1851. The same botanist was also the first to explain the development oPthe seed 
in Gymnosperms by the alternation of generations in Lycopodiaceae, and hence to 
compare it with the same phenomenon in Filices and Muscineae. At the present time 
our knowledge of the development of Thallophytes has made so much progress that 
it is possible to determine what are its main features, and to compare them with those 
of Muscineae and vascular plants. This comparison, which has only been briefly 
indicated above, will be followed out more in detail in the sequel, and will lead to 
the result that Thallophytes may also be included in the scheme under which the 
other classes are comprised, the first stage of development closing with the formation 
of sexual organs, from which proceeds the second generation, essentially different 
from the first, and closing with the production of true spores. It will therefore show 
that the development of all plants which possess sexual organs may be divided into 
two stages which correspond in all essential points to the two generations in the life- 
history of a Fern; and that there is, therefore, in the whole vegetable kingdom, 
only one type of alternation of generations so far as it is brought about by sexual 
organs. 
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THALLOPHYTES. 


In this group are comprised Algce, Fungi, and Lichens, the term being applied 
to them because their vegetative body is usually a Thallus , i.c. exhibits no differ- 
entiation into stem, leaf, and root, or, if at all, only in a very rudimentary 
degree. There occur however in various groups of Thallophytes transitions from 
the simplest forms, which display no external differentiation, to others which show 
some indication of it ; in the most highly developed representatives of some 
groups the external differentiation is carried so far that the terms leaf and stem 
are as applicable to them as to the higher plants. A true root, in the sense in 
vhich the term is applied to vascular plants, is however never found, though root- 
like organs are commonly present which are termed Rhizoids ; these arc however 
always distinguishable by the absence of a root-cap and by the branching not being 
endogenous. 

Like the external, the internal differentiation of Thallophytes also begins at 
the lowest stages, ascending by numberless transitional steps to a more perfect 
development of cells and tissues ; but even in the most perfectly developed forms we 
do not meet with any sharp differentiation into those different systems which we 
know among the higher plants as epidermal tissue, fundamental tissue, and fibro- 
vascular bundles. Even where the thallus consists of large masses of tissue, as in 
Fungi, it is still strikingly homogeneous. 

Thallophytes nevertheless present a great variety of examples of the mode in 
which morphological differentiation proceeds from the simplest organic forms to 
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others which are both externally and internally more and more complex. In the 
simplest stage the whole vegetative body consists of a single small cell of a 
roundish form, the cell-wall of which is thin and smooth, and within which proto- 
plasm, chlorophyll, and cell-sap are only imperfectly separated. Advancing from 
this, progressive development is first displayed in the perfection of the single cell, 
which increases in size, and often attains dimensions unknown elsewhere in the 
vegetable kingdom, the differentiation being either chiefly in the contents, or in the 
external form, i. e. in branching. The growth of the cells may, on the other hand, 
be accompanied by cell-division, the thallus becoming multicellular, so that from a 
single cell there arises either a row of cells or a segmented filament, a simple plate 
of cells, or finally a massive tissue growing on all sides. Each of these processes 
further presents a great variety of modifications. 

In the simpler Thallophytes a tendency prevails for a larger or smaller portion 
of their existence to be passed in the condition of motile primordial cells, which 
bear more or less resemblance to the simplest Infusoria, and were in fact until 
recently confounded with them. In some cases cells which are already clothed 
with a cell-wall, or assemblages of such cells, remain for a considerable time in a 
motile condition, swimming freely in the water. But these motile conditions are 
always interrupted by long periods of rest, during which growth and increase in 
size usually take place. In many of the more highly developed Thallophytes 
this power of motility is however limited to the male ‘ swarming ’ fertilising 
elements, the antherozoids ; and in many cases is not displayed even here. 

Like the structure of the vegetative body, the mode of reproduction of 
Thallophytes also exhibits great variety, commencing with the simplest kinds, 
and progressing finally to modes of reproduction almost as complicated as those 
which are met with in the highest plants. In the simplest cases reproduction 
appears to be coincident with ordinary cell-multiplication ; the cell which con- 
stitutes the vegetative body grows and divides, each derivative eeli then carrying 
on an independent life and repeating the process. In the more highly developed 
forms the unicellular or multicellular thallus continues to grow for a longer time, and 
becomes differentiated externally and internally, until at length at somcj one spot 
reproductive cells are produced. In most Thallophytes both kinds of reproduction, 
sexual and non-sexual, occur; and in the higher forms an evident alternation of 
generations is manifested. The reproductive organ which becomes separated from 
the mother-plant is almost always a single cell, which however varies greatly in Us 
origin, significance, and capacity for development. The nomenclature which gives to 
all these reproductive cells the name ‘ Spores ’ is a very unfortunate one, obscuring 
an insight into the course of development of the different forms, and rendering dif- 
ficult the comparison of members of one group of Thallophytes with those of another. 
The erroneous theory of so-called ‘ Pleomorphy among Fungi was the result of 
a defective perception of the true nature of the different kinds of reproductive organs 
on which the common name of Spore had been bestowed. What we have now 
to say on this point for the purpose of counteracting the prevalent confusion 
of terms is founded on the view explained in Sect. 29 of Book I, on alternation 
of generations and on the relationship to it of the different reproductive organs. 
1 begin by designating as Spores the reproductive cells which axe produced in the 
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sporangia' of Ferns and capsules of Mosses. These are obviously th£ result of a 
vegetative process, excited by the act of sexual union, in consequence of which 
they arise on the second (non-sexual) generation [sporophore] which springs from 
the fertilised oosphere of the first (sexqal) generation [oophore]. Let us now 
transfer these conceptions to the most highly developed Thallophytes which ex- 
hibit an evident alternation of generations, as the Ascomycetes. We have already 
seen, in the Section referred to, that the ascospores of Penicillium are the result 
of a vegetative process brought into action by the sexual organs of the mycelium, 
and which has for its result the formation of the tuberous fructification which 
constitutes the second generation. The ascospores of Penicillium therefore cor- 
respond to the spores of a Moss or a Fern. Tf now we suppose the result of 
the union of the sexual organs to be a very inconsiderable vegetative structure, 
and the second generation consequently to be merely rudimentary and a simple 
appendage to the first, the spores themselves would then seem to be an almost 
immediate result of fertilisation, as occurs for instance in the Nemalieae (Fig. 164, 
(\ p. 237). If we were further to imagine that the act of fertilisation did not 
result in the production of any vegetative structure, or the second generation to 
be altogether suppressed, the fertilised oosphere would then itself become a spore, 
as in the Coleochaeteae, (Edogonieoe, and Vaucheria . In this case the spore is 
an equivalent for the whole of the second generation ; it stands for the entire 
fructification of the Ascomycetes, the entire spore-capsule of a Moss, &c. Precisely 
the same is true for the zygospore which results from conjugation. The zygospore 
(as for example in the Mucorini), or the oospore (as in Vaucheria ), represents there- 
fore in a morphological sense the entire second generation of these plants. This 
conclusion, which might easily be proved more in detail, may be briefly summed up 
in the statement that the Spore is either an immediate product of fertilisation 
(zygospore, oospore), or of a process of growth which is induced by fertilisation ; and 
this vegetative growth may cither be inconsiderable, as in the Ncmalieae and Erysiphccc, 
or it may be considerable, and it then gives rise to the second generation in which 
the spores arc produced, as in Penicillium and other Ascomycetes. This explanation 
shows at once how in Thallophytes the second generation is a gradually increasing 
structure developed in consequence of the act of fertilisation. But for the purpose 
of a scientific nomenclature the term Spore (if used in the same sense as in 
M uscinea.' and Vascular Cryptogams) must be applied in Thallophytes only to 
those reproductive cells which arc the result of an act of impregnation, whether 
direct, or indirect through the production of a vegetative body which constitutes 
a second generation and closes the entire course of development of the plant. All 
other unicellular and non-sexual organs of reproduction we shall not term spores, 
but gonidia or conidia . 

We may now proceed to a further description of the various kinds of sexual 
organs found among Thallophytes, and of the true spores which result from their 
union with or without an alternation of generations. The following three principal 
forms or types may be distinguished \ 


1 More minute evidence of the statements here made will be found in the sequel in the 
description of Algte and Fungi. The facts stated are deiived from the wiitings of Pringsheim, 
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1. Conjugation and Production of Zygospores. Two cells of similar if not 
always of precisely the same nature coalesce, and produce a reproductive cell 
termed a Zygospore , which germinates aftei a shorter or longer period of rest, and 
then gives rise either to spores or at once to a plant of the same kind as that in 
which the conjugation took place. An alternation of generations is exhibited only 
in so far as the zygospore constitutes the entire second (non-sexual) generation. 

The process of the formation of zygospores has a very different appearance 
according to the nature of the conjugating cells. The simplest case is presented 

in the conjugation of zoogonidia 
discovered by Pringsheim (Fig. 
162, A ). These bodies during 
the process of swarming come 
into’ contact in pairs by their 
hyaline anterior ends, and then 
gradually coalesce into a primor- 
dial cell, which subsequently be- 
comes invested with a cell-wall, 
and then grow's, producing again 
motile cells, and each of these 
gives rise to a plant of the ori- 
ginal kind. These Zoospores which 
result from the zygospore may 
be considered as true spores in 
the same sgnsc as those of the 
Muscinex; for the zygospore is homologous with the spore-capsule of Mosses, 
and represents a rudimentary alternate generation. The conjugation of Spirogyra, 
as illustrated in Fig. 6, p. 10, is somewhat more complicated. The conjugating 
cells are here surrounded by a firm cell-wall ; they put out protuberances opposite 
to one another, which unite to form a canal, through which the contents of 
one cell pass over into the other, and coalesce with its contents ; the resulting 
protoplasmic body invests itself with a cell-wall, and becomes a zygospore, which 
again produces a Spirogyra filament by direct germination. The formation of 
zygospores in the Zygomycetes is represented in Fig. 162, B. Here the tw T o cells 
which coalesce after having growrn towards each other are perfectly alike and immotile ; 
and it is only a portion of the coalesced contents which becomes separated by a 
partition- wall, and produces the thick- walled zygospore which germinates after a 
period of rest. 

2. The Formation of Oospores in Oogonia. The two reproductive cells arc 
here essentially different ; the female cell or Oosphere is always a naked immotile 
primordial cell developed within an older cell which is termed the Oogonium. 
The male cells, the Antherozoids , the mother-cells of which are called Antheridia , 
are very small, and are endowed with motion by means of vibratile cilia; they 
swarm round the oosphere, and cause its impregnation by the coalescence of their 



IK , 163.— Various forms of conjugation ami the production ol /VK' ,i l' nt ‘ s 
A conjugation of the znoyontdi.i of I'amittrtmi , H formation of arygospoit’ 
in I'lptoorphahs (after Pringsheim and lhcfchl). The numbers indicate 11 
eat h case the sue ecssive star.es of development. 


TJc I»ary, Thurct. Nageli, Janczewski, Urcfeld. and others; though a different signification to 
that of the authors is sometimes applied to them. 
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substance with it. The size of the antherozoids is so inconsiderable that they 
scarcely add appreciably to the mass of the oosphere, but yet produce a change in 
it, one consequence of which is that it becomes invested with a firm cell-wall, and 
then constitutes the Oospore . 

The oospore may germinate immediately and give rise to a plant resembling the 
mother-plant, as in Fucus> or only after a certain period of rest like the zygospores, 
and this is the usual case. But here again the oospore may on germination give 
rise directly to a plant resembling the mother-plant, as in Vaucheria and some 
Saprolegnicae ; or it may, after remaining dormant, produce out of its contents a 
largei or smaller number of zoospores, each of which finally gives rise to a plant 
like the mother-plant, as in Sphicroplea , (Edogonium , and Cystopus . In this process 
11 rudimentary alternation of generations can again be detected:— an oospore which 
breaks up into zoospores may be compared to the sporogonium of a Moss in 



t'Ui it>$. — examples ol tlu. pro. I ui turn ol oospores ; A in <7 Hoifomum ; H in 
(<lftcr I’rintfsheiiii) ; ojc the oogonium ; «> oosphere ; a .mthenilium ; m small male plant or dwarf 
male ; i aiuhcro/oid. 


which all the parts except the spores are suppressed. If we were to imagine the 
fertilised oosphere in the archegonium of a Moss as itself producing the mother- 
cells of the spores 1 , we should have something similar to one of these oospores. 
In this case therefore the oospore is properly a many-spored fructification in 
the same sense as the Moss-capsule ; the zoospores produced from it are true 
spores in the sense of those of Muscineae and herns, and we have consequently 
the first indication of the alternation of generations which attains its highest 
development in those classes. The new plants which result from the direct 
germination of the oospores, or through the medium of zoospores, have the power, 
in most cases, of propagating non-scxually by the formation of gonidia, until at 
length individuals arise which produce antheridia and oogonia. This non-sexual 
reproduction may be compared to that of the Marchantfese by gemmee produced 
on their vegetative body, until finally antheridia and archegonia are developed. 


1 That such an analogy is not altogether fanciful is shown by Riccia, a genus of Ilcpaticas, 
'ho extremely simple sporocai'p of which may well be compared to the oospore of an CKdogonium. 
Pririgsheim and I)e Ifciry have already pointed out this analogy (sec De fiary. Die Familie clcr 
Fonjugaten, Leipzig 1858, p. 60), 
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But on the other hand the formation of oospores exhibits a certain resemblance 
to the process of conjugation. It is distinguished from that of the Pandorine* in 
this point of importance only, that the two coalescing sexual cells are not alike, 
so that the fertilisation of Vaucheria and (Edogoniiwi may be considered as a 
higher form of conjugation from a morphological point of view. But the mode 
of formation of many oospores displays also a greater or less resemblance to the 
mode of fertilisation which we shall describe as a third type; and in this respect 
the Saprolegnieae in particular present a similarity to certain Ascomycetes. 

3. Formation of Carpospores in Carpogonia. This type resembles the second 
in the fact tnat the two sexual organs contribute in very different degrees to the 
production of the fertilised body, the male organ only inciting to change, while 
the whole of the further development of the plant proceeds from the female organ, 
the result being the production of the Sporocarp. 

The female organ, which may consist cither of one cell or of more, may be 
designated by the general term Carpogoniunu The male organs vary greatly 
according to the group to which the plant belongs; they may be swarming or 
passively /notilc antherozoids, or tubular Pollinodia ; and fertilisation may be 
effected by the entrance of the antherozoids, as in the case of oospores, or by a 
kind of conjugation, the sexual cells coalescing by means of openings in the cell- 
walls of both, or finally by simple apposition and probably diffusion of a fertilising 
substance. The product of fertilisation is sometimes a single cell germinating 
directly or through the medium of zoospores ; but more generally a multicellular 
body results, from which spores are finally produced. An alternation of generations 
may here also be recognised, rudimentary or more fully developed according as the 
structure of the fructification is simpler or more complicated. In the simplest 
cases the sporocarp appears only as an appendage of inconsiderable size to the 
plant ; in the other extreme the fructification is able to continue an independent 
growth for a considerable time, and thus constitutes a second alternating genera- 
tion. These phenomena will be described more in detail in the special description 
of the Carposporeae. One essential difference between sporocarps and oospores 
consists in this, that in the production of the former certain cells also take part 
which were not immediately concerned in the act of impregnation ; and that, with 
the exception of the simplest cases, the portion of the fructification which produces 
the spores is surrounded by a sterile envelope which serves merely for protection 
or also for further nourishment. Fig. 164 illustrates some of the most different 
forms of sporocarps. 

In Coleochcrk (A) the female organ or carpogonium (hitherto described as the 
oogonium) consists of a single cell w which runs out upwards into a long narrow 
canal opening at the apex. Fertilisation is effected by small roundish swarming 
antherozoids m, and as a consequence the portion of the protoplasm (oosphere) 
which occupies the basal part of the cell becomes invested with a firm celFwall. So 
far the phenomena are the same as in the formation of the oospores of Vaucheria 
or (Edogonium , the only important difference consisting in the long canal formed by 
the cell-wall. A more essential deviation is now manifested in that the body which 
previously had the appearance of an oospore grows considerably after fertilisation, 
and in the fact that the effret of fertilisation shows itself also in the growth of the 
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cells which adjoin the female organ, so that this latter becomes surrounded by 
<in envelope h. A sporocarp is thus formed, the fertilised oosphcre of which 
produces out of its contents after a certain period of rest a mass of tissue, all 
the cells of which produce zoospores, and each of these gives rise to a plant of 



I'M, 164 —Various forms of carpogonia, ami of sporocarps resulting from them ; w tlig female organ before fertilisation ; 
vi the male organ ; j the entire sporocarp; h iU envelope ; rs the spores ; A Coteochate; B Characeic; C JVrma/ton , 

1 > l.ejoiiu* ; h Bodoxphter * ; F Aaobolus (after various authorities). 

the same kind. The sporocarp of the Coleochsetese combines the most essential 
characters of „an oospore with those of the sporocarp of the Floridece and of some 
Fungi. As respects an alternation of generations, the oosphcre surrounded by its 
envelope, together with the tissue which subsequently fills it up and which produces 
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the zoospores, must be regarded as the second generation, while the zoospores 
may be compared homologically with the spores of Mosses. 

In Ncmalion (C) the carpogonium w consists also of a single cell which is wide 
below and narrow and elongated above. This elongation, termed the Trichogyne y 
is a closed tube ; the male fertilising cells attach themselves to it, empty their 
contents into it, and thus incite a further development of the basal part of the 
female cell, which now increases in size, and divides into a number of cells which 
grow out into densely crowded branches. A spore is formed at the end of each 
of these branches; and the whole assemblage of spores together with its short 
pedicel constitute the sporocarp, which in this case has no envelope. 

In the true Floridese, of which Nemalion may be considered the simplest form, 
the carpogonium iv consists, even before impregnation, of a number of cells (D ) ; 
a lateral row of cells bears at its apex a closed hair-like prolongation, the tri- 
chogyne, and is hence termed the Trichophorc. The trichogyne receives the fer- 
tilising substance from the male cells which become attached to it ; but neither the 
trichogyne itself nor the trichophore is thereby excited to any further development, 
the sporocarp resulting from the other cells of the carpogonium which lie beside the 
trichophore. The f#tilisation therefore takes effect at a distance from the spot to 
which the male cell has attached itself. Certain cells of the carpogonium grow, 
divide, and finally produce the stalked spores, the pericarp or envelope of the fruit 
arising, as the result of branching beneath the carpogonium. 

The sporocarp of the Characeae (/?), which has hitherto been without any 
analogy, becomes intelligible if we compare it on the one hand with that of the 
Coleochaeteae, on the other with that of the Ploridere. The carpogonium w 
consists of a large ovoid cell which is borne on certain small round basal cells 
(Braun’s * Wendezellen ’). These basal cells take no part in the development 
brought about by fertilisation, their behaviour being similar to that of the 
trichophore of the Floridese. The 4arge cell is fertilised by filiform antherozoids, 
and itself forms the single carpospore in the sporocarp, the envelope of which 
has been completely developed before fertilisation ; and it behaves also in other 
respects in a similar manner to that of the Coleochxtcx, Floridex, and Erysiphex. 
That the large cell which becomes the carpospore does not possess any hair-like 
receptive organ or trichogyne is a point of very subordinate importance, since in 
the carpogonium of the Ascomycetes this organ is sometimes present, sometimes 
absent *. 

One of the simplest cases of the formation of the fructification in the 
Ascomycetes is afforded by Podosphmra (JC) ; anti we here get the transition to 
an evident alternation of generations. The carpogonium w consists of a single 
cell, and is fertilised by another tubular cell, the pollinodium. The result of fer- 
tilisation is that the female cell grows, and divides into two cells, of which the 
upper one forms in its interior several spores (Ascospores), and is hence termed 
the Ascus . Beneath the pedicel cell of the ascus shoot out filaments which form 
the envelope of the fructification f. 

The processes are somewhat more complicated in Ascobolus , another Asco- 


1 See De Bary. Ik it rage zur Morphologic u. Physiologic der Filze, vol. III. p. 88. 
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mycete, of which a diagrammatic section is given in F 1 w is the carpogonium 
consisting of several cells, which is fertilised by the tubular branched polJinodium ; 
the result is that a number of filaments shoot out from a central cell of the 
carpogonium, which then form sacs at the apices of their branches, and in these 
a number of carpospores. The envelope of the sporocarp is in this case very 
massive, and consists of cellular filaments which shoot out beneath the carpogonium ; 
and it finally forms a compact pseudo-parenchyma in which the carpogonium is en- 
closed together with the ascogenous filaments and the asci which proceed from them. 
The mycelium which produces the carpogonia in both the Fungi now described is 
inconsiderable in comparison to the large sporocarp which results from the fer- 
tilisation of the carpogonium ; the sporocarp itself in many cases continues to grow 
for some time independently of the mycelium, and therefore constitutes a second 
(non-sexual) generation of these Fungi. If the mycelium were large and vigorous, 
and the sporocarp which springs from it small, as is the case in the Florideae and 
Characea), the sporocarp would in these cases also have the appearance of being 
only an appendage of the sexual generation, and an alternation of generations 
would scarcely be suggested, although this does actually occur, since the entire 
course of development of such a Fungus can be divided into two sharply- defined 
phases, of which the first is the mycelium with its sexual organs, while the second 
is the sporocarp with its independent power of growth. 

Besides the true spores produced directly or indirectly by the act of fertilisation, 
which complete the course of development of the plant by a rudimentary or an 
evident alternation of generations, there is commonly among Thallophytcs an 
extremely productive propagation by gonidia which are not brought into existence 
either directly or indirectly by any act of fertilisation, and which have therefore 
nothing to do with the alternation of generations. 

The Gonidia 1 often arise on the thallus by the whole of the contents of 
certain cells of the thallus dividing, and thus producing one or more gonidia 
which become detached from the plant. But in other cases special supports or 
receptacles are formed on the thallus, the sole function of which is to produce 
gonidia, either by the abstriction of the ends of special branches (• Slylogonidia , as 
in Piplocephalis , Peniciiliuni , &c.), or by free cell-formation in the interior of large 
cells [Etidogonidia^ as in the Saprolegniete, Mucorini, and Vaucherta). In many 
discs, especially among Fungi, propagation is effected almost exclusively by such 
gonidia, the normal completion of the development by actual fertilisation being 
attained only under specially favourable conditions. This is the reason why the 
sexual organs of many Thallophytes are at present entirely unknown, while their 
gonidia are perfectly familiar. It is therefore often a very difficult matter to 
assert with respect to a Thallophyte, that it never produces sexual organs; since 
even in the case of the common Mould-fungus ( Pmicillium ) and in many Algae, 
tlu* gonidia of which have long been known, it is only quite recently that the sexual 
organs and the alternate generation resulting from them have been discovered. Kven 
in the majority of the large marine Algae, the Phaeosporese, and the numberless 


1 Among Fungi the small gonidia which become detached in great numbers are also calkd 
C ouidia, from the Greek Kovia , dust. 
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large Fungi (Basidiomycetes), the sexual organs are still unknown; although in 
the latter case the analogy of the Ascomycetes renders it very probable that the 
Fungi known as Ilymenomycetes and Gasteromycetes are only the fructification 
which is the result of the union of sexual organs on the mycelium. The spores 
which are produced on these Fungi must therefore be treated as true spores in 
our sense of the term, and their mode of formation as something quite different 
from that of the gonidia of the Mould-fungi. 

It is very common among Algae, and occurs also in some Fungi which grow 
in water or on a moist substratum, for the gonidia when they escape from the mother- 
cell to be naked, i\e. without any cell-wall, and motile; after their escape they 
have for some minutes or even hours the power of swimming about, at the same 
time rotating on their axis (swarming). The anterior end is hyaline, destitute of 
granules or colouring matter ; and in some Alga; a minute red dot lies at one side 
behind the hyaline part ; the cause of the motion is the vibration of certain very fine 
threads, the Vibratik Cilia. Usually two of these cilia are attached to the hyaline 
anterior end, or one in front, the other at the side ; but sometimes there is only 
one, while in others the hyaline anterior end is encircled by a dense circlet of 
numerous cilia ; or finally the entire surface of the zoogonidium is covered with 
short cilia. During swarming a cell-wall of cellulose begins to be secreted; the 
zoogonidium then comes to rest, attaches itself to some solid body by its anterior 
end, the cilia disappear, and germination commences, the end which was posterior 
during swarming becoming the growing point and hence the anterior end of the 
young plant. It has already been mentioned that in some cases swarming cells 
conjugate, and these must then of course be regarded, not as gonidia, but as sexual 
organs which bear only a deceptive resemblance to zoogonidia ; at any rate 
there are reasons for believing that the motile cells of some Algae which have 
hitherto been regarded simply as gonidia, are capable of conjugation and are 
therefore sexual organs. ' 

Motile cells of the kind now described may make their^ippearance at any stage 
in the course of development ; it is not uncommon, as wc have seen, for the entire 
contents of an oospore or even of a carpospore (as in Cole vehicle) to be transformed 
into motile cells which can then germinate ; even in the so-called conidia of the 
Peronosporeae the whole of the contents may break up into motile cells. In other 
cases again these bodies are produced in special branches of the thallus, and not 
unfrequently any vegetative cell of the thallus may allow its whole contents to 
escape in the form of motile cells. These motile celTs have hitherto been all 
known as Swarm- spores or Zoospores ; but, according to the definition of the term 
Spore which we have now adopted, we must term the asexually produced motile 
cells Zoogonidia , and designate the receptacles in which they sometimes arise in 
large numbers, not zoosporangia, but Zoogomdia-receptacles. It is moreover 
obviously of secondary importance whether the gonidia simply become detached, as 
in most Fungi, or whether they take the form of motile cells. The difference is 
evidently dependent on the mode of life of the plant ; the presence or absence of 
the power of swarming is not one of morphological, but only of physiological 
importance ; just as, in the seeds and fruits of Phanerogams, some have a power 
of transportation by means of a special floating -apparatus, while others simply fall 
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o(T. In the genus Vaucheria we find all stages of transition from motile cells to 
gonidia which simply fall off. 

The Classification of Thallophytes has been till quite recently based essentially 
on characteristics relating merely to the mode of life, according to which they have 
been divided into three classes, — Algoe, Fungi, and Lichens; the Characeae have 
been sometimes included under Algae, sometimes altogether separated from Thallo- 
phytes. But since more accurate investigations have enabled us not only to elucidate 
the morphological significance of the growth of these plants, but also to discover the 
sexual organs in the main divisions, and in many cases to follow the whole course of 
development, this classification can no longer be maintained, since it depends 
essentially only or differences in the external appearance and mode of life, while on 
the other hand it ts seen that a totally different classification is necessitated by their 
morphological characteristics. The admirable labours of Schwendener, for example, 
have shown that Lichens, hitherto considered as a separate class, must not only be 
included among Fungi, but must be regarded as a section of a particular order, the 
Ascomycetes. Since we have become more accurately acquainted with the sexual 
organs of the Coleoclmex and Floridcx, it can scarcely be doubted that these Algoe 
have a close affinity to Characcae in the structure of their fructification. We can 
therefore now distinguish only two classes of Thallophytes, — Algze and Fungi. But 
it has long been admitted that it is impossible to draw any satisfactory boundary-line 
between these two classes; several writers have indeed frequently pointed out that 
some families of Fungi must be closely associated with certain families of Algoe. It has 
been recognised more and more clearly that these two classes are separated only 
by a single distinguishing character ; if the two old-established groups are to be 
retained, the only distinction between the two (and ihe one adopted in the earlier 
editions of this book) is to place under the head of Algai all those Thallophytes 
wliith contain chlorophyll, under the head of Fungi all those which do not. But 
this separation is altogether artificial, and could only be tolerated so long as want of 
an accurate knowledge of the morphology of these plants compelled us to admit 
a classification having no foundation in morphology. In the present state of our 
knowledge, in which at least the morphological foundation for a scientific classi- 
fication of Alga; and Fungi may be laid down, it is not only permissible but 
incumbent, in the interest of progress, at least to attempt a morphological classi- 
fication of Thallophytes. 

The first point to note is that the presence or absence of chlorophyll can be 
no sufficient reason for separating plants which arc nearly related to one another 
morphologically, and which agree in their structure, their sexual organs, and their 
alternation of generations. In Phanerogams this principle is thoroughly admitted. 
If all Flowering-plants which do not contain chlorophyll were formed into one 
< lass in contradistinction to those which do contain it, the HRafllesiaccze, Balanopho- 
mceie, Corallorhiza > Cuscuta , Orobanchc , Monotropa , &c. would have, in spite of 
ihe differences in their organic structure, to be combined into one class, and 
removed from their true relationship. No one however disputes that Cuscuta 
belongs to the Convolvulacex, Orobanchc to the Labiati florae, Monotropa to the 
Pyrolaceze, and Corallorhiza to the Orchideze. These affinities are inferred, among 
Phanerogams, chiefly from the structure of the flowers and the embryo, and no one 
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attaches the least importance to the fact that the want o c i c r 

culiar mode of life of these plants gives them so different an appearance r n 
that of their nearest allies. It is one of the most beautiful results of a truly 
scientific morphology and classification that, among Phanerogams, the remarkable 
habit of parasites and saprophytes is regarded as an altogether secondary matter. 
Hut the same principle should also be applied in determining the systematic 
relationships of Thallophytes; — habit and mode of life, the presence or absence 
of chlorophyll should also be treated as characters of altogether subordinate 
importance. All Thallophytes which arc destitute of chlorophyll — /.*’, all those 
which have hitherto been termed Fungi — must necessarily agree with one another 
more or less in their habit and mode of life, because they are all adapted to absorb 
organic carbonaceous nutriment from their environments. If they obtain it from 
living bodies, we have parasitism developed in its various forms ; if they have 
the capacity of consuming dead organic remains, the habit and mode of life of 
the plant must vary accordingly. Alga;, in the sense in which the term has hitherto 
been usedf are able themselves to produce carbonaceous food-materials out of 
carbon dioxide by assimilation; they are not therefore usually either parasites or sa- 
prophytes, but can maintain an independent life; they are however compelled, by 
the peculiarities of their organisation, to live in water or in damp places. Their 
dependence on assimilation requires that Algx* should inhabit localities where there 
is free access of light, while Fungi art* not absolutely dependent on light for 
their supply of food. 

But all these facts are of altogether secondary importance in determining 
degrees of affinity in the compilation of a natural system of classification of 
Thallophytes. This object can be attained only by a comparison of such mor- 
phological characteristics as a thorough knowledge of development reveals. The 
determining considerations of a morphological nature arc in Thallophytes, still 
more than in other groups of plants, dependent on the question whether they 
possess sexual organs, and, when this is the case, how these arc formed, bow the 
act of fertilisation is effected, and csjxicially what is the nature of that structure 
which results either directly or indirectly from it, in one word, how the act of 
fertilisation affects the entire course of development. 

We have already described the more important forms of the organs of 
fertilisation in Thallophytes, and the origin of an alternation of generations con- 
sequent upon it. If now the plants which agree in these characters are compared 
with one another, it is seen that the remaining morphological facts also suggest 
a close affinity. The structural peculiarities connected with sexuality may there- 
fore be regarded as the guiding characteristics, by which we are directed to 
relationships within the group. With our present still very imperfect knowledge of 
Thallophytes it is however not surprising if, in a classification founded on these 
principles, forms are nevertheless occasionally found placed near each other which 
appear to have but little affinity. This is unavoidable, because the intermediate 
transitional forms are unknown ; and it must moreover l>e observed that in Thal- 
lophytes of a simple structure the morphological characteristics are more easily 
concealed by physiological adaptations and by changes in habit than in the higher 
plants. 
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The classification here adopted does not therefore make any pretension to 
be one which will endure for all time ; it rather claims to be in accordance with 
the present state of our knowledge, and to bring into proximity those forms which 
agree in the most important features of their development. In a certain sense 
this classification may still be called. an artificial one; but it is natural in so far as 
it attempts to bring into prominence actual affinities and not merely differences and 
resemblances of external habit 1 . 

It is, as every one knows, easier to make objections to a system than to lay 
down clear principles on which one should be established ; and we will therefore 
only add a few explanatory remarks respecting the following table. In the present 
state of our knowledge, we seem compelled, first of all, to establish a class of 
Thallophytes in which not only is sexual reproduction unknown, but in which 
there is no near affinity to any sexual forms ; this class will include only the 
simplest and most minute of all plants, and is therefore formed into the first 
class under the name Protophytes. Put in a large number of Thallophytes in 
which we are unacquainted with the sexual organs, there is an obvious close affinity 
with well-known forms, with which therefore they may be associated in classification. 
Finally, there are other Thallophytes in which the sexual organs are still unknown, 
but in which no distinct affinity is exhibited with the Protophytes or with other 
well-known forms. These plants are altogether omitted from our classification, 
since it is not my purpose to present an index of all existing forms, but only to 
show the affinities of those that are best known’ 2 . 

Each of the four classes hen: proposed starts with very simple forms, and 
attains, through diverging lines, very different degrees of development. The closest 
affinities are therefore found by comparing the simplest primary members of each 
class, especially those of the 2nd, 3rd, and 4th classes; and the widest differences 
by comparing the most perfect forms of the different classes. In this respect 
therefore these proposed classes resemble the recognised divisions in the groups 
of Muscineas, Vascular Cryptogams, and Phanerogams. 

In order not to depart too widely from the classification still current, and 
to facilitate a general view, I shall, as will be seen from the following table, treat 
separately the forms which contain chlorophyll (so-called Alga;) from those destitute 
of c hlorophyll (so-called Fungi) within each class". 


1 Cohn, who was the first to give up the division of Thallophytes into Alga; and Fungi, has 
not been, in my opinion, so happy in the classes which he has proposed, lie docs not start 
1 n >m any definite principle, but employs as his typical characters sometimes points of great, 
sometimes those of secondary morphological importance, as is shown by the names of the classes: 
Schi/osporece, Zygosporece, Basidiosporece, Ascosporere, Tetrasporem, Zoosporece, and Oosporea: 
(see Iledwigia, 1872, p. 1 8). 

2 [Reference for some criticism and additional details on this clarification of the Thallophytes 
may be made to Quart. Joum. Micr. Sc. 1875, pp. 295-326, and pp. 396-401 : see also de Bary, Hot. 
Zeilg. 1881. For a Classification of Fungi, see de Bary, Beitr. IV. 1881.] 

Since this classification and the following account of Thallophytes has been ready for the 
puss, 1 have had the opportunity of seeing a letter addressed to Dr. Brefcld by Prof. Mscher 
29th, 1873), in which the following classification is proposed: — 

THALLOPHYTES. 

Myxomycetes. Fungi. 


Alg». 
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TH ALLOPH YTES. 


Class I. 

Con /a in mg Chloroph 1 7/. 
Cyanophyce®. 
ralmcllaceae (in part). 


Protophyta. 

Not containing Chlorophyll. 
Schizomycetes. 
Saccharomycctes. 




Class II. Zygospore®. 

Conjugating cells motile . 

Pandorinete. Myxomycctes. 

(Hydrodictyece). 

Conjugating cells stationary . 
Conjugatnc (including Diatomacex). Zygomycetes. 


Sphcuroplea. 
V aucheria . 
Volvocine®. 
(Kdogoni- 
Fucoidex*, 


Class III. Oospore®. 




f Saprolegniex. 
( Peronosporex 


Coleochxtese. 
Flo ride®. 
Characex. 


Class IV. Carpospore®. 

Ascomycetes (including Lichens). 
TRcidiomyceles (Uredine®). 
Uasidiomycetcs. 


Class I. No sexual reproduction. 

Saccharomyces. Phycochromaccaj. 

Class II. Reproduction by conjugation. 

Zygomycetes. Piatomacece, Conjugate. 

Class III. Reproduction by oospores, the result of fertilisation. 

Percmosporeie. Palmcllaecsc, Siphonere. 

Saprolcgniea*. Confervnceac, Fucacere, Coleochxtea*, 

Characeac (?). 

Class IV. A compound fructification resulting from fertilisation 
(alternation of generations). 

Ascomycetes. Florideae. 

Ilasidiomycetes. 

Prof. Fischer still treats Algae and fungi as two entirely distinct series developed in parallel 
rows ; while I suppose that in each class Fungi have diverged as ramifications from various types of 
Algae : there arc other important differences between our systems in the position of the Myxomy- 
cetes, Coleochaetene, and Characeae. Put, with the exception of these differences, the main point is 
the agreement of our views with respect to the establishment of four classes which serve equally for 
Fungi as for Algae. 
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CLASS I. 

PROTOPHYTA. 


In this class are comprised the most simple and minute of all plants, whether 
they contain chlorophyll, and therefore have been regarded as belonging to the 
Algae, or whether they contain no chlorophyll, as the Yeast-fungi and the so-called 
Schizomycetes (Bacteria, etc.). 

Those Protophytes which contain chlorophyll live chiefly in water, or at least 
in damp localities, sometimes as pseudo-parasites, and their green colouring matter is 
often mixed with a blue one which is soluble in water. Those which are 
destitute of chlorophyll are either true parasites or inhabit the moist surfaces of 
organic bodies, or are found in fluids which contain organic substances in solution 
from which they derive their nutriment, and which they decompose, causing 
putrefaction or fermentation. 

The structure of Protophytes is always extremely simple, and in the 
simplest of all the cells are so small that they can be seen only under a high 
magnifying power. In the smallest a distinction can scarcely be detected be- 
tween cell-wall and cell-contents; and when this can be done the contents are 
homogeneous, or minutely granular. The cell-wall has a tendency to deliquesce 
into a soft jelly in which the cells remain imbedded either regularly or irregularly; 
but sometimes it only swells up, and is then manifestly stratified. 

In the simplest forms the cells are isolated ; the two halves of a divided mother- 
cell increase till they attain its size, and then again divide; the derivative cells 
separate, and carry on an independent life. In the more highly developed forms 
the derivative cells remain united, and the final result is either simple and often 
extremely slender rows of cells, thin lamellae, cell-division taking place in one plane, 
or agglomerations in consequence of cell-division taking place in all directions. 
It is only in the most perfectly developed individual that the multicellular body 
has a determinate external form. 

The species which contain chlorophyll are in general larger than those which 
do not, and the structure of their cells more perfect ; the largest and most perfectly 
developed among the latter being Yeast-cells. Even in this, the lowest stage in the 
vegetable kingdom, the want of chlorophyll is seen to be usually associated with 
a degradation of structure. All the cells in the individual are usually exactly 
alike; it is only in the higher forms that a few larger cells of a different colour 
— termed Helerocysts — are intercalated among the otherwise similar cells of a 
filament. 

In most cases there is no distinct base and apex, and therefore no definite 
direction of growth; but in a few of the highest members of the class a base 
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and apex of growth can he distinguished, and a kind of branching makes its 
appearance. 

Although zoogonidia, in the sense in which the term is used in the higher 
Thallophytes, do not occur (with the exception of some Palmcllaccse which perhaps 
do not belong to this class), many Protophytes are nevertheless endowed with a 
power of motion by means of which they swim about ; spirally-wound multicellular 
filaments turn on their axis; or the filaments themselves bend backwards and 
forwards; or some other kind of motion occurs. 

No sexual organs have yet been observed, and in most cases there are no 
non-sexual organs of reproduction, the multiplication of individuals being effected 
by the separation of the ordinary vegetative cells 1 . In other words, organs for 
nutrition and reproduction are not differentiated ; it is only in the most highly 
developed forms that cells of peculiar form are produced for the sole purpose of 
reproduction. 

^The class has hitherto been divided into three groups distinguished by their 
colour; viz. 1. those containing pure chlorophyll, Palmellacese ; 2. those in which 
the chlorophyll is mixed with a blue pigment, and which therefore appear of a light 
green or bluish green colour, Cyanophyccce ; and 3. those in which there is no 
chlorophyll, Schizomycetes and Yeast. While limiting the class of Protophyta 
to these three groups, it is nevertheless possible that some of the forms included 
in it are not independent species, but merely stages in the development of other 
higher Thallophytes, which have a perpetual power of reproducing themselves. 
Thus it has already been determined 2 that the genus Pleurococcus , hitherto placed 
among Palinellaceie, is merely a stage of development of Chlamydowonas which 
belongs to Pandorinere, a class of Zygospores ; and it is not improbable that 
the whole group of Palmellacece, and perhaps also some Chroococcacete, are 
of the same nature, and must at some time be eliminated from the class of 
Trotophyta. 


FORMS CONTAINING CHLOROPHYLL. 

A. CYANOl’HYCKiE. These organisms arc of a bluish, emerald, or brownish green, 
or some similar colour, due to a mixture of true chlorophyll and phycocyanin ; this 
pigment becomes diffused out of dead or ruptured cells, and thus produces the blue 
stain on the paper on which Oscillat oricau are dried. From crushed specimens 
treated with cold water phycocyanin is extracted as a beautiful blue solution, 
blood-red in reflected light 3 . When the crushed plants are treated with strong alcohol 
after the extraction of the blue pigment, a green solution is obtained which contains 
true chlorophyll, and probably a special yellow pigment, phycoxanthin 4 . 

1. The Chroococcace© exist as isolated roundish cells or in roundish families, the 
cells of which are imbedded either in an amorphous mucilage or in the swollen walls 
of their mother-cells. They occur as gelatinous growths in damp places. Several 
genera are distinguished, with numerous species: — e.g. Chroococcus and Glatocapsa 


1 [Gonidia have been discovered in Glceocapsa by Hornet (Ann. sci. nal., sei. V. XVIT ; in 
Nu'toc by Janczcwski (/A. XIX and in Bacillus by Cohn (licit, zur Biol. d. Pflzn. I).J 

* Cicnkowski, Bot. Zcit. 1865, no. 3; and Rostafinski, Rot. Zeit. 1871, p. 786. 

Cohn, in Schulze's Arcliiv fin mikiosk. Anatomic, vol. HI. p 12. — Askcnasy, Bot. Zcit. 1867. 

4 Millaidcf and Kiaus, Compfcs K< iidu.-*. vol. LX VI. p 5,05. 



PROTOPHPTA . 


247 


(Fig. 165), which divide in all directions, the latter imbedded in a stratified jelly; 
Ghrotbtce, imbedded in a stratified jelly but dividing in one direction only ; and 
Merismopedia , the cells of which divide cross-wise in a single plane. 

2. The Nostoc aco© form lumps of mucilage or gelatinous pellicles which float 
in water or lie on damp earth or among moss. In the jelly are serpentine monilifortn 
rows of roundish cells, *h few larger cells, termed Hetero- 
cysts, the contents of which are of a different colour, being 
interposed at intervals. The filaments increase in length 
by the division of the individual cells, thus constantly 
adding to the coils which lie in the jelly that they ex- 
crete. New colonies are, according to Thuret 1 , formed 
in the following manner : — The jelly of the old colony 
becomes softened by water, the portions of the threads 
lying between the heterocysts become detached, separate 
from the jelly, and straighten themselves, while the hetero- 
cysts themselves remain in the jelly. After they have 
entered the water, the old portions of the threads become 
endowed with motion like the Oscillatoriea:, and their exit 
is probably caused by this movement 2 3 4 . The roundish 
cells of the filaments grow transversely, /. r. at right 
angles to the axis of the filament, and then divide, the division-planes being parallel 
to the axis of the filament, which now consists of a series of short articulate threads, 
the axis of whose growth is at right angles to its own. The threads which are thus 
formed increase in length and join, placing their terminal cells in contact (alternately 
above and below in each successive thread], and thus unite into a single curved 
Nostoc- filament. Individual cells, apparently without any definite law, become hetero- 
cysts. I11 the meantime the gelatinous envelope is developed, and the new colony, 
which is at first microscopic, attains the size of a walnut 8 . 

3. The Oscillatorie© consist of rigid cylindrical filaments of various thickness, 
oltcn extremely slender, divided into disc-like cells by very delicate transverse septa. 
The filaments are not straight, but somewhat coiled in the form of a very oblique 
spiral ; they revolve on their axis, and become matted, when large numbers grow 
together (in water or on moist earth), into balls or pellicles. When a lump is placed 
in water or on wet paper, Niigeli has shown that it assumes a star-like arrangement 
in consequence of these movements. 

4. The Hivularieao ^ form soft greenish blue lumps of jelly which swim about in 
stagnant water or grow attached; in the first case they arc spherical, in the second 
hemispherical, the smallest about £ millimetre in diameter, the largest the size of a 
hazel-nut. A number of moniliform filaments consisting of roundish cells lie in the 

1 Thuret, Observations sur la reproduction de quelques Nostochinecs, Mem. dc la snc. imp. 
dcs sci. nal. dc Cherbourg, vol. V, 1857. [Ann. and Mag. Nat. Hist. 1858, vol. 11 .] 

54 These motile threads of Nostoc were seen by Janc/cwski to enter the young stomata on the 
lower side of the thallus of Anthoceros Icevis, where they further devclope into round balls. Such 
colonies of Nostoc have been known for a long time in cavities and in the tissues of different Ilepa- 
tie;v (Blasia, Pellia , Diplol<pna , Amur a, Ricci a), but have generally been considered endogenous 
gemma* of these species, until Janczcwski proved their true nature. Nostoc also establishes itself in 
the large porous cells of the leaves of Sphagnum. The entrance of Nostoc into the parenchyma 
of the stem of a dicotyledonous plant, Gunner a, is brought about, according to Rcinkc, in a clifiercnt 
manner ; the deeper-lying parenchymatous cells of the outer pait of the stem, themsefves covcied by 
layers of parenchyma, arc densely filled with colonics of the Alga. (Hot. Zeitg. 1872, pp. 59 
and 74.) [See also Ann. des Sc. Nat. 1872, p. 306, and Quart. Journ. Micr. Sc. 1873, p. 369-) 

3 [Archer has described the occurrence of ‘spores’ in Nostoc paludosum which were always 
placed singly between the lielerocysts. Quart. Joutn. Mici. Sc, 1872, p. 367.] 

4 De IJary, Floia, 1863, p. 553. 



ittHW'iftsa. 



248 T/JA LL OPHYTES. 

jelly arranged radially; at the free end the filament runs out into a long hyaline 
hair, while at the central end is a large heterocyst which gives the whole filament the 
form of a riding-whip. The filament increases in length by the transverse division of 
its cells. Reproduction is effected by the celt which lies next to a basal heterocyst 
becoming thicker, increasing considerably in length and assuming a cylindrical form; 
its contents become denser, .and invested by a firm membrane. When the whole 
of the rest of the colony perishes these Rrsting-sports only remain. They subse- 
quently germinate, the contents dividing into from 4 to 12 shorter cylindrical pieces, 
each of which again divides repeatedly, until more than too cells are formed which 
become rounded off' and the filament moniliform. During this lengthening the mem- 
brane of the germinating cell ruptures, the upper, end of the filament projects, the 
lower portion subsequently creeps out of the sheath, and the terminal cells become 
pointed. The filament, now free, breaks up into several pieces, which become 
closely packed together into a tuft or ball. Each filament now lengthens at one 
end into a segmented hair, while the ceil at the other end becomes a hetcroeyst. 
Such a tuft which springs from a germinating cell forms a young mass of Rivularia , 
the filaments becoming enveloped in jelly. The multiplication of the filaments of 
a growing mass takes place by a kind of branching; i. e. one of the lower cells becomes 
a new heterocyst ; the portion of the filament that lies between it and the old 
heterocyst developes into an independent filament alongside the parent-filament. 

5. The Scytoneinero form branched filaments enclosed in thick gelatinous enve- 
lopes, which— at all events in their older portions— consist also of several rows of cells. 
I o this family belong Scytonema , Sirosiphon , &C. 1 

B. The P alm eixack/t: contain pure chlorophyll. The cells live singly or remain 
in lamilies imbedded in mucilage; they resemble the Cyanophycea* in many ways. Thus 
Gln'ocystis, belonging to this family, has the appearance of a pure-green Ghmcapsa ; 
T< t raspora forms AWor-like lumps of jelly, but is propagated by zoogonidia ; in 
Ouardium the filaments are arranged radially in jelly, as in Rivularia. The delicate 
green growths on damp walls, steins of trees, &c. consist of cells either isolated or 
grouped into families which are known under the names P rot 01 occus, Palmrlla , Cysto- 
l occusy &c. ; Pal mclla cr/unta forming blood-red incrustations. Probably, as has already 
been said, all these forms are only stages in the development of higher Alga?, which 
attain their further normal development only under favourable conditions ol’ growth. 


FORMS NOT CONTAINING CLOROPHYLL. 

C. The Schizom ycktes J (Fig. 166) live in fluids which contain organic substances 
(albuminoids) liable to putrefaction, from which they obtain their nutriment, and of the 
putrefaction of which they are the cause. The greater number consist of extremely 
small cells without any differentiation into cell-wall and cell-contents, so that in some 
cases their organic nature can only be determined by indirect methods A Where 
they occur, an enormous number of individuals arc usually imbedded in a gelatinous 

1 \ minus forma of the Alg.c described under A. and 11 occur again in the bodies described as 
gonidia of Lichens. (Sec Fig. 222,) 

* Cohn, Untcrsuchungeii uber Bacterial, lleitragc zur Biologic. 1872, lilt. 2. p. 127 ; 1876, Bd. 
ii. lift. 2. [(Juait. Journ. Micr. Sc. 1873, p. 156; 1*77, {>. 81 ; 1879. pp. 356-404.] 

a Since the smaller Schizomycetes, usually called Bacteria, are found also 011 the slimy surface 
of living bodies, on wounds, &c., they have lecently, from a medical point of view, been regarded as 
the cause of diseases. A copious litei ature, generally deficient in even an elementary acquaintance 
with scientific botany, treats of the Schizomycetes from this point of view; but it can haidly be 
doubted that observers have frequently mistaken the mcie pioducts of decomposition of organic 
substance'., and every crystalline precipitates of an inoiganie chaiaclcr, lor Bacteria. 
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mucilage, and this is especially true of the most minute forms, the investigation of 
which is hence rendered extremely difficult. 

The forms and vital phenomena of the Schizomycetcs, as far as they are accurately 
known, recall various species of Chroococcaceae and Oscillatorieae ; but they are in 
general much smaller than the corresponding 
forms belonging to the chlorophyllaceous 
scries. Thus, for example, Sarcina (Fig. 

166, 1 ), which grows in the human stomach, 
corresponds to Merismopcdia , the small cells 
dividing. cross-wise and remaining for a time 
united into tetrads. In the remaining 
Schizomycetcs, which are commonly known 
as Bacteria, growth takes place only ill the 
direction of length, and the cells formed 
by repeated transverse division either sepa- 
rate or remain united into filaments. Cohn 
divides them into four groups: — 1. Sph®ro- 
bacteria, with extremely small roundish 
cells which become detached, corresponding 
to the most minute forms of the Chroocoe- 
cacca* and Palmellaceae. They grow on the surface of moist dead organic bodies 
forming gelatinous growths, often of an intense yellow-green, blue, or violet colour; 
these pigments which are contained in the protoplasm are sometimes soluble, sometimes 
insoluble in water. 2. Bacteria proper, in which the cells, when separate, are long, 
rod-like, very minute, and able to swim about in the fluid. Fluids that contain 
albuminoids putrefy and become milk-white from the multiplication of these ordinary 
Bacteria; they correspond in form to the genus Synccbococcus among Ghroococcacea*, 
which forms bluish-green coatings on rocks’. 3. Filobacteria, in which the slender 
cells remain united into threads, which are either straight, forming the genus Bacillus of 
Cohn, or curved and bent, when they are Vibrio (Fig. 16 fi, 3). They do not excrete 
a gelatinous envelope and resemble small Oscillatorieae. If the Schizomycetcs are 
constituted into a distinct group, then Beggiatoa , with contractile filaments, which has 
been hitherto referred to the Oscillatorieir, must be included in it. 4. Spirobacteria, 
which form spirally curved filaments sometimes of considerable size in comparison to the 
preceding ones. Cohn distinguishes the genera Spirillum (Fig. 166, 4) and Spi roc bate t 
which recall Spirulitia among the Osc illatorieae. 

D. The Saccharomycktes, of which the genus Sarcharomyces is the only one that 
is accurately known, consist of small round cells which live isolated, and resemble in 
form some Chroococcacetr and Palmellaceue ; their organisation is nevertheless capable 
of a more accurate investigation than that of the Schizomycetcs, which they also usually 
greatly exceed in size. The genus Saccharomyces , which causes the alcoholic fermentation 
in saccharine fluids, consists of separate cells of an ellipsoidal form with smooth and thin 
walls, the protoplasm in which can be clearly recognised as such and encloses one or 
more vacuoles. When growing in a solution capable of fermentation these cells 
multiply very rapidly; not however by the ordinary mode of division, but by budding 
and abstriction. At some point or other of the yeast-cell a small protuberance makes 
its appearance, which increases to the size of the mother-cell ; the very narrow point of 
union then gives way, and the two cells then carry on an independent life, and again 
repeat the process. Whether under some circumstances the cells can also grow out 


1 [E. R. Lankcsler (Quart. Journ. Mier. Sc. 1S73, p. 40S) believes, from the investigation of a 
peach-coloured Bacterium , that the series of forms distinguished by Cohn cannot be maintained as 
distinct. Lister (ibid. 1873, p. 393) believes that he has demonstrated the origin of Bactciia from 
a Fungus, a species of Dematium,} 



1 , iw».~ s lu/nmyujlt". ; i ,S<m m<x ; v HcuUnmn , 

•j l 'ibrw ; \ Sf>n iltnm (after Cohn). 
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into tubes and assume hypha-like forms, as asserted by Gienkowski 1 , appears to be 
uncertain. Rccss 2 , however, has discovered that when yeast-cells are grown on the 
surface of cut pieces of potato, turnips, &c. f they attain a larger size, and the pro- 
toplasm contained in them breaks up into from two to four roundish endogenous 
gonidia, which, when placed in a saccharine fluid, at once again produce yeast-cells 
by budding and abstriction. Reess considers these endogonidia of Sacchnromyces to be 
ascospores, and the yeast-fungus therefore to be an Ascomycete. 'Brefcld, however, 
makes the forcible objection to this view, — that if a yeast-cell which forms gonidia is 
considered an asms, and the gonidia ascospores, it must be shown that the supposed 
asciis is developed from an ascogonium, i.e. from a female sexual organ, as in the 
Ascomyeetes. Such an origin has, however, never been proved, and is extremely 
improbable. 

The view advocated by Pasteur 3 , and since his time very popular, but never enter- 
tained by me, that the yeast-fungus can live in fluids which do not contain any oxygen 
diffused through them, and that they obtain the oxygen necessary for their respiration 
by the decomposition of chemical compounds, and especially by that of sugar into alcohol, 
carbon dioxide, and other products, has been shown to be altogether without foundation 
1# the recent researches of B refold 4 carried out in the botanical institute of Wurz- 
burg. Yeast-cells, like all other vegetable cells, require for their growth oxygen 
either free or diffused through the fluid 5 . The Fungi of fermentation afford no 
exception to this general law, and are only distinguished by the fact that they are 
able to make use of even the most minute quantities of oxygen diffused in the fluid. 
If the saccharine fluid is altogether free from diffused oxygen and from other 
nutrient substances, fermentation still takes place, but the yeast-cells do not grow, but 
pass into a dormant condition, perishing after a time; dead ycast-cclls do not cause 
fermentation. It follows from this that the decomposition of the sugar into alcohol and 
carbon dioxide is caused by the living yeast-fungus, but has nothing to do with its 
respiration, growth, or nutrition \ 


CLASS I! 


ZYGOSPORl'/K. 


According t<* the principles laid down in the Introduction to the group, t his 
class comprises plants which have hitherto been placed among Alga; on the one 
hand and among Fungi on the other hand, — all those, in fact, in which sexual 

1 [Bull. Acad. imp. St. IVlersb. 1872, vol. XVII ; Quait. Journ. Micr. Sc. 1875, pp. 145-149.] 

8 Recss, Botanische Untersuchungcn uber dcs Alkoholg«ihrugspil/c, Leipzig 1870. f Quait. Journ. 
Micr. Sc. 1875* pp* 142, ! 43*] 

3 [Comptcs lendus, 1872, pp. 784 790; Quart. Journ. Micr. Sc. 1873, p. 351. — Sec also Mayer, 
Lebrbuch tier Gahnings Chemie, 1876; Schiil/enbcrgcr, Lcs Fermentations, 1876.] 

4 Vortrag, July 2filh, 1873, in the Physik -medic. Gescllschaft of Wurzburg. 

ft The nature and the necessity of respiration in plants was first pointed out by me in my 
Ilantllmch der Experimcntal-physiologie, pp. 263 264; (see infra. Book III. Chap. 2. Sect. 6). 

Oil other Fermentation-fungi see Van Tieghcm, Ann. Scientif. de lYcole normalc, vol. J. 1864, 
and Ann. dcs Sci. Nat. 5'' ser. vol. VIII. iSr»S, as well as the Kiencli translation of thi> work, 
P- 35 2 • 
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reproduction takes place by means of conjugation, the essential characteristics 
of this process being that the two cells which take part in it arc alike, and 
produce, by the coalescence of their protoplasmic contents, a cell of peculiar 
form, the Zygospore , which usually remains for a time dormant, and is then termed 
a resting-spore. Conjugation is the simplest form of sexual reproduction, and 
the morphological characters of the plants belonging to this class are, as might 
be expected, much simpler than of those which constitute the succeeding classes. 
The mere fact of sexuality does nevertheless show an advance on the mode 
of reproduction of the Protophyta, and the Zygosporesc manifest in consequence a 
higher degree of organisation, and present the transition from the non-sexually 
propagated Protophytes to those forms of Thaliophytes in which reproduction is 
sexual in the strict sense of the term. 

Like that of the vegetative organs, the form of the organs of conjugation 
varies greatly in the different sections of this class; the zygospore is sometimes 
produced by the conjugation of naked zoogonidia, sometimes of highly developed 
cells belonging to the thallus, sometimes of special branches which do not occur 
elsewhere in the thallus. One of the most remarkable phenomena connected with 
sexuality is the formation of Auxospores in the Diatomaccce, which, as far as our 
present knowledge goes, takes place in some cases by actual conjugation, but in 
others, as Schmitz has shown, by the simple approximation of two cells without 
any coalescence or actual contact, an interchange of substance taking place pro- 
bably by diffusion. 

The plants comprised in this class differ greatly in the structure of their 
vegetative body; and we are at present acquainted with but few intermediate 
transitional forms connecting the various sections belonging to it. This evi- 
dently arises from the fact that it is only of late years that the process of 
conjugation, previously known only in the Conjugate, has been studied in the 
Pandoriiieoe, Zygomycetes, and other families. It may be expected that the further 
investigation of the zoogonidia of a large number of Algoe will show them to be 
conjugating sexual organs ; and it is even possible that among plants which are 
very nearly allied some produce zoogonidia which actually conjugate, while in others 
the corresponding cells do not usually conjugate, but proceed to a further develop- 
ment, or* in other words, arc propagated parthenogenetically. Some such phe- 
nomenon is indicated in the formation of the auxospores of the Diatomacese already 
mentioned; and, on the other hand, we find forms, like the ITydrodictyea^, in which 
no conjugation of the zoogonidia has hitherto been observed, although they aic 
nearly connected, in their morphological characters, with the Fandorineac in which 
this mode of reproduction does occur. I do not therefore hesitate in assigning the 
TTydrodictycae a place among the Zygosporene. The question is more difficult 
whether, in addition to the Zygomycetes, the Chytridincsc and Myxomycetes should 
also be included in this class. In the Chytridinese it is probable that some of 
the zoogonidia conjugate, although this has not hitherto been observed 1 2 . In the 

1 [The conjugation *of microzoogonidia was observed by Suppanetz in 1873. Rostafinski, Mem. 
Soc. Sc. Nat. de Cherbourg. 1875, vol. XIX. p. 152.] 

2 [Novakowski has discovered sexual reproduction in Polyj'Aagus Eugletnr. Cohn, IVilr. 3. Biol. 
187O, lid. 1J. Sec also infra, p. 264.] 
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Myxomycetes a conjugation of zoogoriidia does take place if the term is used 
in its most extended sense ; for there is absolutely no reason why the coalescence 
of the Myxoamcebx' 1 should not be regarded as a form of conjugation, and the 
production of plasmodia as analogous to that of zygospores. What has hitherto 
prevented botanists from recognising this analogy is merely the habit of life of 
the Myxomycetes, especially the peculiarity of not forming cells, and the cir- 
cumstance that conjugation takes place between thousands of zoogonidia. If the 
coalescence of the myxoamcxibic into a plasmodium is compared to the conjugation 
of the zoogonidia of the Pandorineie, then the fructification which results from the 
plasmodium must be regarded as a large zygospore, the contents of which break up 
into a number of spores, like the large resting- spore of SynchUrium . 7'hey have at 
first, it is true, no power of motion, but this is quite a secondary consideration if 
regard is had to the corresponding processes in the Pandorineie. 

With reference to the structure of the lhallus, all the plants included in this 
class may be termed unicellular, the lhallus consisting of a single independent cell, 
an iremoblast; or, when it is multicellular, the separate cells arc nevertheless essen- 
tially similar, so that their union is sea reel)' necessary physiologically for the existence 
of the whole. Such unions of equivalent cells, the product of a single mother- 
cell, sometimes take place only after the individual cells have passed through 
a kind of swarming phase ; when they come to rest, a number of cells unite 
to form the so-called Catwbium , and continue their development as a body with 
definite form. This formation of coenobia, as it occurs in Hydrodictyon and Pcdi- 
a strum , exhibits a certain analogy, not only with the process of conjugation generally, 
but with the formation of plasmodia in the Myxomycetes in particular, except that 
a plasmodium, if regarded as a ccenobium consisting of masses of naked protoplasm, 
no longer manifests any independence of the separate parts. 

The formation of a tissue in the ordinary sense of the term occurs only in a few 
Alger, as Ulothrix and some Conjugate, in so far that the divisions take place in 
one direction only, and the cells thus produced remain more or less firmly united, 
forming filaments in which all the cells arc still perfectly equivalent, each one of them 
representing therefore the entire plant. The predominant unicellular character is 
manifested also in individual cells being capable of a high development, especially 
in the Conjugate, Diatoinaceas, and Zygomycetes. This tendency is manifested 
in the former in the contents of the cells and in the peculiar sculpture of the 
cell-wall, in the Zygomycetes in the extremely complicated branching, while the 
cell-con tents remain simple. 

The greater number of forms belonging to the class, especially those which 
contain chlorophyll, the Pandorineie, Hydrodictyeie, Desmidicae, and Diatomacete, 
exhibit in their thallus no distinction between base and apex ; they form either 
spherical or tabular ccenobia or rows of colls, all of which multiply by division 
without any distinction between base and apex; but in some Diatomaceie and at 
all events in the germination of the zygospores of the Mesocarpeie and Zygnemeae 
adhesion takes place to a substratum, and hence a kind of contrast arises between 


1 Sec UrefekJ, UeLcr Dictynstelium mu tor aides in A Miami 1. tics ScuKcnh. Gcscllsch , vul. VII. 
1869, p. 20. 
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base and apex. This occurs in a much higher degree in the Zygomycetes, and 
even in the Myxomycetes, which, growing on a substratum, send up their gonidio- 
phores and sporocarps into the air. 

A non-sexual reproduction takes place universally, but in different ways. In 
the Pandorineae, Desmidicae, and Diatomaccae every cell-division may be regarded 
as a vegetative multiplication, since every single cell constitutes- an individual ; but 
in the Hydrodiclyeae and in Ulothrix peculiar zoogonidia are formed, different 
from th e ordinary vegetative cells. Propagation by gonidia takes place however 
in the most perfect form in the Zygomycetes, where, before the formation of the 
zygospores, receptacles are produced on long stalks which devclope endogonidia 
in vesicular swellings, the so-called sporangia, or conidia (stylogonidia) on branched 
stalks. In many Zygomycetes the much-branched cellular filament which forms 
ihc mycelium may break up under unfavourable vital conditions into a number of 
spherical cells or gonidia, each of which may subsequently reproduce the plant. 

Many Zygospores recall the Protophyta in this respect, that they have also con- 
ditions, during their true vegetative period, in which they have the power of motion ; 
this occurs to an especially high degree in the Pandorineae and Myxomycetes, much 
less so in some Conjugate and Diatomaccae. 


FORMS CONTAINING CHLOROPHYLL. 

A. Conjugation takes place between motile cells ( Zoosporeat ). 

t. The Pandorinfje 1 consist of cells which are either isolated or united into 
ctenobia by gelatinous envelopes; the ccenobia are cither spherical, as in Stifhano - 
tphrrra, ellipsoid, as in Pandorina, or arc square plates, as in Gonium. In these states, 
although surrounded by a cell-wall, they have still a power of motion, each cell pos- 
sessing two long cilia which protrude through the cell-wall. The isolated cells of 
Chlamydomonas and Chlamydococcus swim about in this manner like ordinary zoogonidia; 
in the coenobia, on the contrary, the cilia of all the individual cells project through the 
common envelope, and, by their united action, set the whole cocnobium in a twisting 
and rolling motion. The course of life of these plants may be illustrated in two 
examples* 

The genus Chlamydomonas consists of isolated zoogonidia which multiply in the 
vegetative state by bi- or quadri-partition. But in the sexual reproduction the zoogonidia 
divide into eight motile daughter-cells each, provided with four cilia, differing from 
one another in size but smaller than the mother- cells. According to Rostafinski these 
cells conjugate in precisely the same way as Pringsheim has described in the case of 
Pandorina (vide infra) ; the zygospores thus formed come to rest and continue to grow 
for some weeks ; if then dried and again placed in water they divide repeatedly, anti 
form resting motionless families of cells identical with the genus Pleurococcus formerly 
placed under Palmellaceai. 

1 Cohn, Ucber Chlamydococcus und Chlamydomonas , Bcrichte dcr schles. Ges. 1856. [Ray Soc., 
Bot. and Physiol. Mem. 185 a.] — Cohn und Wichura, Uebcr Stephanosphara pluvialis , Nova Acta 
Acad. nat. curios, vol. XXVI. p. 1. [Quart. Journ. Micr. Sc. 1858, p. 131; Archer, il>., 1865, 
pp. 116-185.] — Pringsheim, Ucber Paaruug der Schwarmsporen, Monatsbcr. der Bci liner Akad., Oct. 
1869. [Ann. des Sc. Nat. 1869, vol. XXL]— Ho Bary, Bot, Zeitg. 1858, p. 73. — Rostafinski, Bot. Zeit. 
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In Pandorina Morum (Fig. 167) the complete course of development was followed 
by Pringsheim, this being the first instance that had been observed of the conjugation of 
zoogonidia. Pandorina is one of the commonest of the Pandorineac. The sixteen cells 
of a cccnobium (Fig. 167, 1 ) are closely crowded together, and surrounded by a thin 
gelatinous envelope out of which the long cilia protrude. The non-sexual multipli- 
cation results from each of the sixteen cells breaking up into sixteen smaller cells; 
the sixteen daughter-families (II) become free by the absorption of the gelatinous 
envelope of the mother-family ; each daughter-family, again surrounded by a gelatinous 
envelope, grows to the original size of the mother-family. The sexual reproduction 



/ 


t 

1 ( «. it,;.- I lopmr.'iit of Mot um (Afu*r PriujjsluMin) ; / a swarttiinj; 1. unity ; //one 

■<_! into sixl* « u itau^htcr-familirs; III n sexual family, the separate tells ciiu-rjpntf from llu: 
nous envelope. ; }l\ l ’ «. of tlu- zoo^oiuilia; /7 a zygospore just humid, 17/ a 

e xyj(uspure ; I'll l transf •rtu.itiou o{ the i ontents of a zygospore into a larjjt* -/oospore, 
•e /oospoit ; ,1'jounj' laimly product «1 from the last. 


is brought about in exactly the same way, but the gelatinous envelopes of the young 
families become softened, and the separate cells are thus freed and each swims about by 
itself (III) ; these free zoogonidia are of very variable size, rounded and green at the 
posterior end, pointed, hyaline, and furnished with a red corpuscle in front, where they 
bear the two cilia. Among the crowd of these zoogonidia may be seen some which 
approach in pairs as if they were seeking one another. When they meet, their points 
come in contact, and they coalesce into a body at first hour-glass-shaped (/r), but 
gradually contracting into a ball (/'); in this ball the two corpuscles and the four 
cilia at the enlarged hyaline spot are still to be seen for a time; but these all soon 
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disappear. Some minutes after the commencement of conjugation the resulting 
zygospore is a spherical cell (PI), which remains at rest for some time enclosed in 
its cell-wall, its green colour passing over into a brick-rcd. If the dried-up zygospores, 
which have now greatly increased in size, are placed in water, germination begins 
after twenty-four hours; the outer shell of the cell- wall breaks up, an inner membrane 
protrudes and now contains one, two, or three large zoospores which finally escape 
(PHI, /X), surround themselves, after a short period of swarming, with a gelatinous 
envelope, and break up by successive divisions into sixteen primordial cells which 
now again form a coenobium like Fig. r. 

A further illustration of the course of development in the Pandoiincx is furnished 
by Stephanosphcrra pluknalhy one of the rarest and most beautiful of the family (Fig. 168), 
occurring rarely in the rain-water which collects in the hollow of large stones. 
The process of vegetative reproduction is the same as in Pandorina; but, according 
to Cohn and Wichura, the succession of generations of this kind is interrupted by 
the cells belonging to a family dividing repeatedly (Fig. 168, XU) into zoogonidia 
which ultimately become free (X7/7), and probably produce resting zygospores by 



conjugation after the manner of Pandorina. It is stated by the observers above-named 
that stationary immotile balls (I) accumulate at the bottom of the water which, as they 
grow, assume a red colour. After these resting-cells, which arc probably zygospores, 
have lain for some time dry and then again been moistened, they germinate, the contents 
breaking up into from 4 to 8 zoospores (II — V) which invest themselves with a cell- 
wall, and each gives rise, in a single day by successive division (PII — /X), to an 
eight-cell cumohium (X, X/), which again in the next night gives birth to eight 
motile families 1 . 

2. The nearest allies to the Pandorincx are probably the HYDRomcTYEJE, as is 
shown by their formation of cornobia, and still more by the whole course of their de- 
velopment, which Pringshcim 2 first described in detail. Although the conjugation of 
the zoogonidia has in this case also not bedfi actually observed, they offer a striking 

1 [Archer has described, /. c. % pp. 7, 8, a remarkable amoeboid phase which the primordial cells 
of Slephann&phara undergo.] 

a Pringshcim, Mon. dcr kbnigl. Akad. der Wiss. zu Perlin. Dec. 13, i860. [Ann. des Sc. 
Nat. i860, vol. XIV; Quart. Journ. Mici. Sc. 1862, pp. 54, 104. See also A. Praun, Vcrjungung, 
p, 146 ; Ray Soc. Pot. and Physiol. Mem. 1853, pp. 137, 190, see ante , p. 25I.J 


THAILOPHYTES. 


256 

resemblance in their mode of origin and subsequent development to those of the 
Pandorinex. When the comobia multiply, a large number of zoogonidia are formed 
in each mother-cell, within which they move about for some lime; when they come 
to rest they congregate in some definite arrangement, and then continue their develop- 
ment unitedly, eventually again multiplying in the same way, as for instance in Ptd'm strum 
(Fig. 16 y). In Hydrodictyon utriculatum, which occurs occasionally in ditches, the mature 
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plant or coenobium consists of a sac-like net several centimetres long, "which is composed 
of a great number of cylindrical cells united at their ends so as to form a four- or six- 
cornered mesh. The ordinary mode of reproduction consists in the green contents 
of one of the cells of the net breaking up into from 7,000 to 20,000 zoogonidia which 
move about with a trembling motion within the wall of the mother-cell, come to rest in 
the course of half-an-hour, and then arrange themselves in such a way that, by their 
elongation, they again form a net of the original kind which is set free by the absorption 
of the wall of the mother-cell, and attains, in the course of three or four weeks, the size 
of the mother-plant. In other cells of the mature net the green contents break up 
into from 30,000 to 100,000 microzoogonidia which at once leave the mother-cell and 
swarm about for some hours. The hypothesis has not yet however been confirmed 
that conjugation then takes place between these zoogonidia 1 ; but when they come to 
rest they are spherical, invested with a firm cell-wall, and may retain their vitality for 
months when dried up if protected from light. After remaining several months at rest 
these rcsting-spores begin to grow slowly, and after they have attained a considerable 
size their contents break up into two or four large zoospores which come to rest 
after a few minutes, and assume a peculiar angular form when they have reached a 
considerable size, putting out horn-like appendages. In each of these so-called paly - 
hedra the green parietal protoplasm again breaks up into zoogonidia which move about 
for 20 or 40 minutes within a sac which protrudes out of the polyhedron. When come 
to rest they arrange themselves into a sac-like net consisting of from 200 to 300 
cells, but in other respects resembling one of the ordinary ones. In some of the 
polyhedra smaller and more numerous zoogonidia are formed, but these also unite 
into a net. 


1 [Sec note tupra, p. 251.] 
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3. Ulothrichacee. Differing in many respects from the Pandorinex and Hydrodic- 
tyex is the genus Ulotbrix , an Alga consisting of segmented filaments composed of cells 
which are all alike. It is mentioned in this connection only because it is characterised 
by the conjugation of equivalent zoogonidia. Cramer states 1 that the contents of 
some of the individual cells of a filament break up into two, four, or eight zoogonidia 
which immediately germinate and produce new filaments. Other of the cells, on the 
other hand, give birth to 16 or 32 microzoogonidia which, after escaping, conjugate 
exactly like those of Pandorina. Nothing is known of the development of the zygo- 
spores. It is questionable whether Ulotbrix is not more nearly related to Spbcproplea 
among the Oosporcae, and whether the conjugation of the zoogonidia is not to be 
regarded as a simpler case of the formation of oospores which occurs in the latter 2 * * * * * . 


B. Conjugation takes place between stationary cells . 

(a) The Conjugate 8 consist of cells with a limited power of growth, which 
multiply to an unlimited extent by bipartition ; the cells thus produced either live 
entirely independently, or remain united in filaments. The chlorophyll-bodies form 
either parietal bands, axile plates, or radiate bodies arranged in pairs. Conjugation 
takes place between ordinary vegetative cells, the contents coalescing in a variety of 
ways, the resulting zygospore becoming invested with a cell-wall, germinating after 
a period of repose, and presenting essential differences in form from that of the 
vegetative cells. There are no distinct gonidia, the ordinary vegetative cells per- 
forming the functions of reproductive organs. De Bary divides the Conjugate into 
three families: — 

(1) The Mesocarpeee consist of cylindrical segmented filaments with an axile plate 
of chlorophyll ; filaments which lie parallel to one another put out conjugativc processes, 
or two cells of contiguous filaments come into contact by knee-like projections ; the parts 
of the walls which are in contact become absorbed and a broad canal is formed in 
which the protoplasm of the two conjugating cells collects; the canal then becomes 
shut off by two or four transverse septa and constitutes the zygospore. This mode of 
production of zygospores is clearly analogous to similar processes in the Zygomycetes. 
On germination the zygospore produces at once a segmented filament, the end that 
remains in the spore forming its base and the exposed end its apex. This contrast is 
not, however, permanent; all the cells subsequently multiply by transverse division. To 
this family belong the genera Mesocarpus , Craterospermum , and Staurosperntum, 

(2) The Zygneme® consist also of cylindrical segmented filaments with the 
chlorophyll arranged in straight or spiral parietal bands or in stars placed in pairs. 
Conjugation takes place between two parallel filaments ; the individual cells put 
out opposite conjugativc protuberances (see Figs. 5 and 6, p. 10) which eventually 
touch one another, when the absorption of the cell-walls at the point of contact 
forms a narrow canal. Since a number of cells of two filaments usually conjugate 
at the same time, the whole forms a ladder-like structure in which the rungs are 
represented by the canals. After the formation of the conjugating canal the proto- 

1 Cramer, Naturfor. Gesellsch. in Zurich, March 21st, 1870. 

2 [A. Dodel (Jahrb. fur wiss. Bot. 1876, vol. X. Heft 4) has described in detail the germination 
of the zygospores of Ulothrix. The whole course of development presents a striking analogy to 

that of Hydrodictyon. Dodel has, like Areschoug, observed occasional conjugation between the 
microzoogonidia; if these do not conjugate, they then propagate themselves non-sexually like the 

macrozoogonidia.] 

a De Bary, Untersuchungen fiber die Familie der Conjugate!), 1858. [See also TIassall, Hist. 

Brit. Freshwater Algre, 1845; Wittrock on Mesocarpeee; Quart. Journ. Micr. Sc. 1873, p. 123. 

Besides the modes of conjugation described in the text, contiguous cells of the same filament conju- 

gate by lateral processes both in Mesocarpeee and Zygttemea.] 
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plasinic bodies of the two cells contract, one of them passes through the canal into the 
other, and the two coalesce into a round zygospore invested with a thick cell-wall 
consisting of several layers which* lies within the much larger mother-cell, and which 
germinates only after a period of rest (Fig. 17°)* In Zygnemese there is also at first 
a contrast in the young plant between base and apex, which afterwards disappears, all 
the cells behaving exactly alike during growth. Among the genera are Zygnema , 
Sptrogyra, Mougeotia , Sirogonium, and Zygogonitim. 

(3) The Desmidieffi 1 consist of cells which live isolated or less often in rows which 
easily break up and are imbedded in mucilage. The cells are either cylindrical or 
fusiform, sometimes furnished with horn-like appendages (Scrntdesmus) ; in other cases 
they have a circular or elliptical outline, and are divided by a deep constriction into two 
symmetrical halves. F.ven where there is no such constriction, the chlorophyll -body is 
divided symmetrically in the interior of the cell, or the symmetry is indicated by the 
so-called chlorophyll-vesicles [amylum-bodies] 1 2 and the distribution of the starch-grains. 
In accordance with this symmetrical structure the vegetative propagation of the cells 
(individuals) is effected by the formation of a septum in the plane of symmetry or 
w#hin the constriction which splits into two lamella; and divides the cell into two halves. 
Growth at the point of separation then produces a segment which restores the symmetry. 
The mode of formation of the zygospores is similar to that in the Zygnenicar; but in the 
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simplest forms, as Cylindrocystis and Mesat&mum, where the conjugating individuals are 
of very simple form, conjugation appears to be nothing but a coalescence, altogether 
similar to that of the zoogonidia of Pandorina. The zygospore either germinates 
directly or divides into two or four daughter-cells, each of which repeats the vegetative 
mode of reproduction already described. In the last-named case we may consider, as 
in Pandorina , the zygospore to be a fructification which produces several spores in the 
sense in which the term is used in the Muscineae; and we may here again have an 
indication of an alternation of generations. 

These processes may now be explained more in detail in the case of Cosmarium 
Botrytis (Fig. 171), as described by De Bary (/. r.). The cells live isolated, and are 
symmetrically bisected by a deep constriction (Fig. 1 7 t, X), and are also compressed 

1 [See also Ralfs, British Desmidiene, 1848. — Archer in Pritchard's Infusoria.] 

v [Strasburger has shown (Zelltheilung nncl Zellbildung, 2 U> Aufl. p. 83) that the structure 
existing in the chlorophyll-bodies of Zygnema and Spirogyra are true chlorophyll-granules in which 
numerous starch-grains are placed concentrically so as to form a layer at the suiface. These struc- 
tures are identical with those mentioned above as chlorophyll vehicles and amylum-bodies.] 
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at right angles to the plane of constriction (I, a); in each half-cell are two amylum- 
bodies and eight chlorophyll-plates, which curve and, running from two* centres to the 
wall, converge in pairs. The multiplication of the cells by division is brought about 
by the narrowest part of the constriction elongating a little, when the thicker outer 
layer of the cell-wall opens by a circular fissure ; the two halves of the cell hence appear 
separated from one another and united by a short canal, the wall of which is a con- 
tinuation of the inner layer of the walls of the half-cells. A septum soon appears in 
the canal which unites them, by which the cell is divided into two daughter-cells, each 
of which is a half of the mother-cell. The septum, at first simple, splits into two 
lamellae, which immediately become convex towards one another (IX, b), and each 
daughter-cell now possesses a small rounded outgrowth which grows gradually and 
assumes the form of a half-cell, so that each daughter-cell now again consists of two 
symmetrical halves (X). While the wall is undergoing this growth, the chlorophyll- 
body of the old half-cell grows into the newly-formed half. The two amylum-bodies 
in the old half-cells elongate, become constricted, and each divides into two; of 
these four, two pass over into the new growing half-cell, and all again arrange them- 
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selves in ftie original symmetrical manner. Conjugation takes place between cells 
lying in pairs in a crossed position enclosed in soft jelly (Fig. 171 , /). Each of the two 
cells puts out from its centre a conjugating protuberance (7, r) which meets the other; 
these protuberances are formed of a delicate membrane which is a continuation of the 
inner layer of the cell, the firm outer layer of which is split (I, r). Each of the 
two protuberances swells up into a hemispherical bladder, they come into contact, 
the separating wall disappears, and the contents unite in the broad canal thus 
formed; the protoplasm becomes loosened from the cell-wall, and contracts into a 
spherical form. The united protoplasmic body appears as if surrounded by a delicate 
gelatinous wall (77, f) by the side of which lie the empty cell-walls (77, r, b ). The 
zygospore now becomes rounded into a ball ; its wall forms, as it matures, three layers, 
an outer and an inner colourless layer of cellulose, and a middle firmer brown layer. 
This stratified cell-wall grows out at several points into spiny protuberances which 
are at first hollow and afterwards solid, each of them again producing at its end a few 
smaller teeth (777). The starch-grains of the conjugating cells become transformed into 
oil in the zygospore. Germination commences by the protrusion of the colourless inner 
layer through a wide split in the outer layer (IV), the thin-walled ball thus set free 



26 o 


THA L l OPIIVTFS' 


considerably exceeding the zygospore itself in size. In 

may be recognised two chlorophyll-masses surround — • • ' 

might have hcen distinguished even before their escape from the externa) layer of the 
zygospore. The contents now contract and become surrounded l>y a new wall (V) 
from which the older wall detaches itself as a delicate vesicle. After some time the 
protoplasm becomes constricted by a circular furrow, and splits into two hemispheres, 
each of which contains one of the two chlorophyll-masses (F7). Each hemisphere 
remains for a time naked, and again constricts itself; but this time the constriction 
does not advance to the centre; the hemisphere changes its form in other respects 
also, and each assumes the form of a symmetrically divided Cosmarium- cell (/7J), which 
surrounds itself with a wall of its own. The planes of constriction of the two cells 
derived from the zygospore cut the dividing plane of the zygospore itself at right angles ; 
they themselves also lie crossed in the mother-cell at right angles to one another. The 
contents in each now arrange themselves in the manner above described; the mother- 
cell-wall is absorbed and the new cells separate from one another. All these processes 
of germination arc completed in one or two days. The new cells, whose outer wall is 
srrtooth, now divide in the usual maimer, but the newly-grown halves increase in size 
and become rough on the outside (VIII— X); the two daughter-cells of each of the 
two cells produced from the zygospore have dissimilar halves, and the four cells pro- 
duced by their further bipartition are therefore of two different forms : two have their 
halves equal and two unequal; the latter constantly produce by division one with 
equal and one. with unequal halves. 

(b) The DiatomacejE 1 (Bacillaricae), a group extremely rich in species, follow natu- 
rally after the Desmidicar ; in particular they are allied to the Conjugate by processes 
of development which correspond to the conjugation of the latter, or at least bear 
a certain resemblance to it ‘ l 3 * . They bear a special resemblance to the Desmidicae in the 
form of their cells, in the manner of division, and in the mode of completion of the 
daughter-cells. Like the Desmidieae, the similar cells of the Diatomaceae may be united 
into rows, or may live entirely isolated. The tendency of Diatoms to secrete a soft 
jelly in which they live socially is found also in Desmids, although less strongly dis- 
played. In the same manner the movements of Diatoms are not altogether dissimilar 
to those of Desmids, and even the silicifieation of the cell-wall, which is very strong 
in the former, is found, though to a smaller extent, in Closterium and other Desmids; 
and the fine sculpturing of the silicious shell also finds an analogue, although in a coarser 
form, in the cell-wall of some Desmids. The Diatoms are the only Algae, except the 
Conjugatae, in which chlorophyll occurs in plates and bands, but in some forms it 
is also found in granules, and the green colouring matter is concealed, as in the 
chlorophyll-granules of the Fucaceac, by a buff-coloured substance, Diatomin or Phy- 
coxanthin 8 . One of the most prominent peculiarities of Diatoms consists in their, 
silicified cell-wall being composed of two separated halves or valves of unequal age ; of 
which the older one partially envelopes the younger like the lid of a box. When 
the cell begins to divide, the valves separate from one another, and after the division 
of the contents into two daughter-cells, each of them forms a new layer at the plane 
of division which is adjusted by its turned-in margin (the girdl^ to the girdle of the 

1 Liiders, Uebcr Organisation, Theilung und Copulation dcr Piatomeen, Bot. Zeitg. 1862. — 
Millardet and Kraus discuss thcii colouring-matter in Compl. rend. vol. I,X VI. p. 505 — Askenasy 
in Bot. Zcit. 1869, p. 799. — Pfitzcr, in Hanstein's Bot. Abhamll., Heft II, 1871, gives the most im- 
portant contribution to our knowledge of the Bacillarien:. [Quait. Joum. Mier. Sc., 1872, 1873.J — 
Borseow, die Siiswasser-bacillariaceen Russlands, 1873. 

v [Thwaites first discovered the conjugation of the Piatornacece, Ann. Nat. Hist. 1847, 
vol. XX; see also Carter, Ann. and Mag. Nat. Hist. 1856.— Schmitz, Quart. Journ. Micr. Sc., 
1873, p. IJ.5. — Smith, Synopsis of British Diatomaceae.] 

3 [Pinnularia viridis and Synedia splendens are green. Nnvictda /uniforms var. 0 strearia is cobalt 

blue and communicates a green colour to the oysters which feed on il ; Nature, vol. XVI. p. 397.] 
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old valve of the mother-cell; this latter extends, like the lid of a box, over the newly- 
formed valve; and the two valves of the two daughter-cells lie next one another. 
Since, according to Pfitzer, the silicious valves, which also contain some organic matter, 
do not grow, it is clear that the new cells must constantly become smaller from 
generation to generation. When they have thus attained a certain minimum size, 
large cells, the Auxospores , are suddenly formed; the contents of the small cells, 
leaving the silicious valves which fall apart, increase either simply by growth or by 
both growth and conjugation. After this the auxospores surround themselves with 
new valves. Since the large auxospores are of somewhat different shape to their 
smaller mother-cells and primary mother-cells, the first result of their division must 
necessarily be cells of a different form and with unequal halves, as in the Desmidiea:. 
The formation of the auxospores has been more exactly followed out only in a few 
cases. It would appear that they are formed in very different ways, from two or from 
one mother-cell, singly or in pairs, and with or without conjugation; they are alike 
only in so far that their size greatly exceeds that of the mother-cell. It has already 
been mentioned that, according to the recent researches of Schmitz in the case of 
Coccotiema Cistula^ the auxospores are produced by two cells laying themselves parallel 
side by side and allowing their contents to escape by the opening of the two valves; the 
cell-contents then commence growing rapidly without coming actually into contact, 
and a pair of auxospores is thus formed. Diatoms are found in enormous numbers at 
the bottom both of the sea and of fresh water, and attached to the submerged parts of 
other plants. Besides the ordinary rotation of protoplasm in their interior, they also 
exhibit a creeping motion by means of which they crawl over hard bodies or push small 
granules along their surface. ‘1 his occurs only in a line drawn along the length of 
the cell-wall, in which Schultzc 1 2 supposes crevices or holes through which the pro- 
toplasm protrudes; and this, although not yet actually seen, probably occasions the 
creeping motion. 


FORMS NOT CONTAINING CHLOROPHYLL. 

A. Conjugation takes place between motile cells (tnyxoamifcbuc). 

The Myxomycetes 2 differ so greatly in external appearance from the rest of the 
Thallophytes that they have been by some altogether separated by the vegetable 
kingdom. But if attention be directed not so much to the peculiarities of their external 
appearance as to those points in each stage of their development which are important from 
a morphological point of view, and especially to the fact that the formation of a cell-wall 
is a point $nly of secondary importance in the lower Thallophytes generally, it becomes 
clear that the Myxomycetes are allied in all essential points to the Pandorinex; and 
even if their mode of life is so remarkably different from that of this group of plants, the 
chief cause of this is that they do not, like them, live in water, but in the interstices of 
moist substrata, in consequence of which their motion is necessarily of a very different 
kind from that of the Pandorinex. In place of swimming and rotating, we have in the 
Myxomycetes a creeping of amoeboid masses of protoplasm such as alone is practicable 
on the substratum on which they grow. It is impossible, in the space we have here at 
command, to go into these relationships more in detail ; it must suffice to trace the 
main points in the history of their development, and to point out, in passing, the. most 
important analogies. 

1 [See Pop. Sci. Rev. 1866, p. 395— Engelmann, Bot. Zeit. 1S79, p. 49.] 

2 De Bary, Die Mycetozoen, 1864. [Ann. Nat. Hist, i860, vol. V. p. 233.]-Cienkowski in 
Jalirb. fur wiss. Bot. vol. HI. pp. 325, 400. — Brefekl, Uuber Dictyostelium mucuroides , 1869, Abhandl. 
der Senkenbcrg. Gcsellsch., vol. VII. — Rostafmsky, Vcrsuch fines Systems dor Mycetozoen, 1873. — 
Brefekl, Ueber JSlucor race/nosn* uml llefc, Flora 1873 (latter pait of the ai tide). 
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The Myxomycetes generally first make themselves visible at the time when they 
emerge from their porous substratum, and form their comparatively large fructification. 
The largest of these arc the sulphur-yellow bodies which appear in summer on tan- 
heaps, and which are known under Jthc name of i Flowers of Tan * ( AZthalium septicum ) ; 
those of Lycogaliiy which arc found on the stumps of trees, are of the size and form of 
hazel-nuts. In most other Myxomycetes the fructification is a small stalked capsule, 
containing, like those already mentioned, an enormous number of minute roundish, 
thick-walled spores. When these capsules burst, other structures often make their 
appearance, to which the term Capillitium has been given : — capillary tubes or threads, 
often united together in a reticulate or lattice-like manner, to the origin of which we 
shall recur presently (Fig. 172, C). In the simplest form at present known, Dictyoitelium 
mucoroides discovered by Brefcld, not only is the capillitium wanting, but also the outer 
wall of the fructification, which consists only of a stalk composed of parenchymatous 



1 If. vj 2 — .7 pl.u.uiixliuin of lUclymium icm (after nkou Ai, X ; /,’ .1 fruc hfir.it ion of ,1 try net ituarnata still 
rinsed; C after rupture of file wall / ami extrusion of the capillitium < f (after L>c JJ.iry, x ui») . 


cells and of a roundish mass of spores. It is instructive to dw r ell on this simplest form 
of the Myxomycetes in order to arrive at an understanding of their systematic 
position. The spores of Dictyostelium will dcvelope on the stage of the microscope 
in an aqueous decoction of rabbit’s dung, and produce ripe fructifications after some 
days beneath the eye of the observer. When the spores germinate, the entire pro- 
toplasm of each of them escapes from the ruptured wall, creeps about with an 
amoeboid motion, absorbs nutriment, and grows. It cannot be doubted that these 
amoeboid bodies must be regarded as zoogonidia, only differing from ordinary ones 
in their mode of motion. After they have increased considerably in size in the course 
of several days, they divide, and multiply repeatedly in this way, a process which may 
unquestionably be compared directly with the vegetative propagation of Cklamydomonasy 
and indirectly also with that of Pcmdorina . The nucleus of these bodies subsequently 
disappears, their motion becomes more sluggish, and conjugation commences. They 
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creep about in troops, come into close contact with one another, and finally coalesce 
into large lumps. As soon as one of these lumps is formed, the rest collect frorti all 
sides round it as a centre, coalesce with it, and increase in this manner the mass of 
protoplasm which then becomes more and more rounded off. There is every reason 
to believe that this collective union of zoogonidia is a conjugation and therefore a 
sexual act, in the same sense as the conjugation of the zoogonidia of the Pando- 
rineae ; and the large mass of protoplasm formed in this way, which is called a Plasmo- 
dium , must therefore be treated as the analogue of the zygospore. The only difference 
is that in this case the zygospore does not become invested with a cell-wall nor go 
through a period of rest, but at once undergoes further development, becoming 
transformed into a stalked fructification which produces a large number of spores. 
In accordance with their mode of origin these spores may be compared not merely 
with the zoospores developed from the zygospore of Pandorina^ but also with the 
ascopores of the Ascomycetes, **nd even with the spores of the Muscinenc. The 
‘formation of this fructification out of the roundish plasmodium of Dictyostelium com- 
mences with the production in its centre by free cell-formation of a number of cells 
each surrounded by a cell-wall of cellulose, which unite into a parenchymatous tissue 
forming in the interior of the plasmo- 
dium a column or stalk standing erect 
on the substratum. As this column con- 
tinues to grow in height, the rest of the 
protoplasm which surrounds it creeps 
up it, and collects at its summit into 
a round lump, the entire substance of 
which now breaks up into a number of 
spores. This example furnishes the 
simplest case of the course of develop- 
ment of a Myxomycete. In most other 
instances it is much more complicated, 
the development being more complete, 
and a reduction to this plan becoming 
constantly more difficult. But the first 
stage of the development is essentially 
the same in all Myxomycetcs. Each 
spore gives birth to from one to eight 
ammboid bodies, which grow and multiply by repeated division, subsequently coalescing 
with one another in large numbers and producing plasmodia. The plasmodia of other 
M yxonfycctes, however, do not at once produce fructifications, but maintain for a 
longer period an independent life, creeping about in the moist interstices of their 
substratum; as, for example, the yellow plasmodia inside a tan-heap, which at length 
come to the surface, and then coalesce into the large bodies which are known as 
‘flowers of tan.’ Other plasmodia creep about for a time on rotten wood or among 
decaying leaves, at length in the same way reaching the surface, and then usually 
producing simultaneously a number of fructifications. Fig. 172 ^ may give an idea of 
the mode in which net-like structures are produced by these motions of the plasmodia. 
The substance of the plasmodium is thin and granular in the interior and bounded on 
the outside by a homogeneous pellicle ; it is constantly changing its form ; protuberances 
arise at various spots which move onwards with a flowing and creeping motion, ramify, 
and anastomose with one another, while the substance flows into them from behind, 
and in this manner enables the entire structure to creep gradually forwards. Imme- 
diately before the period when the fructification is produced, a tendency is manifested 
to creep up erect bodies, so that finally the fructification is frequently found on 
plants, stems, or leaves at a considerable distance from the original nutrient sub- 
stratum. At this period the plasmodium collects at certain spots, and forms either 



Fir., — Physcirum album (after Cietiskowski). sporr 

2 escape of its contents ; } the < ontents when free ; 4, t; the same 1.. 
the form of a zoajpmidiuiu provided with a r ilium; 6, 7 after loss of 
the ciliuin , 0— ti toolesceiue of the aimeboid bodies; 12 a small 
plasmodium. 
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a broad cake as in the 1 flowers of tan/ or weak ascending outgrowths which gradually 
assume the form of the mature fructification, usually a stalked spherical or club- 
shaped body, or a spiral tube l , the growth of which is generally completed in a few 
hours. It has already been mentioned that the ripe fructification is usually sur- 
rounded by* a firm wall, and that it often contains the so-called capillitium, in the 
interstices of which lie the numerous spores. Neither the wall of the fructification 
nor the capillitium is composed of cellulose, nor is the fruit-stalk, which is usually 
hollow; it must rather be supposed that the substance of the plasmodium, after it 
has already assumed the external form of the fructification, becomes differentiated 
into two distinct substances, one of which becomes hardened in various ways into 
pellicles, tubes, and solid threads, and thus forms the stalk, the wall of the fructifica- 
tion, and the capillitium, while the rest of the protoplasm, which has the capacity 
of further development, breaks up into small round portions which become invested 
with cell- walls and thus form the spores. T he substance of the wall and of the 
capillitium corresponds, therefore, as Brefeld has pointed out, to the mass capable 
of swelling which fills up the space between the conidia in the conidiophore of the 
M^icorini. In the process of free cell-formation also by which the ascosporcs of the 
Ascomycctes are produced, there often remains within the ascus a considerable portion 
of its contents which is obviously not adapted to enter into the composition of a spore 
capable of germination. 

In the differentiation of the protoplasm of the plasmodium into spores and into 
those portions (capillitium and wall of the fructification) which take no part in the 
further development, other portions of the contents which are useless for purposes of 
reproduction also become eliminated, and especially lime, which is often excreted in 
large quantities in the form of fine granules of calcium carbonate, and the yellow sub- 
stance which coats in loose flakes the fructification of the i flowers of tan/ 

It must be added in conclusion that under favourable vital conditions both the 
separate zoogonidia and the young or old plasmodia pass into a resting-slatc, the former 
simply becoming invested by a cell-wall, the latter becoming transformed into masses 
of cells' 2 . 


B. Conjugation takes place between stationary cells . 

In the Zygomycetes 3 the vegetative body, which, as in all Thallophytes des- 
titute of chlorophyll (Fungi), is termed the mycelium, consists of a ramified hollow 
tubular cell (Fig. 174 B, m), in which septa only appear when it is fully mature and 
ready for sexual or non-sexual propagation. The ramifications of this mycelium all 
originate from a single germinating filament which is developed from a non-sexual 
reproductive cell (conidium), and may, in the course of a few days, cover with a 


1 The term Mthalium is given by Rostafinski to those large fructifications produced by the co- 

alescence of several simple ones, and which are therefore syncarps, as in the case of 4 flowers of tan.* 

3 On the Chytridineea, which are perhaps allied to the My.vnnycctes, see Braun, Abhandl. der 
Berliner Akad. 1856, p. 22. — De Bary and Woronin, Bcrichtc der naturf. Gesellsch. in Freiburg, 1863, 
vol. III. Heft 2. — Woronin in Bot. Zeit. 1868, p. 81. [Sorokin (Bot. Zeit. 1874) has discovered in 
Zygochytrium a process of conjugation resembling that of Mucorini, and in Tetrachytrium a con- 
jugation of zoogonidia. Ffitzer (Monatsb. d. Acad. d. wiss., Berlin, 1872) includes Chytridiaceas with 
all the Cmloblast# destitute of chlorophyll in one group, the FhycomycetcH. Sorokin suggests the 
name Siphomycetes for this, of which Amcsbidium (Cienkowski, Bot. Zeit. 1861) is to be regarded as 
the simplest foim.] 

3 Brefeld, Botanische Untcrsuchungen liber Scliimmelpil/.e, Heft 1, 1872. — Van Tieghem, Re- 
cherches sur les Mucorinees, Ann. des Sc. Nat., 5” ser., 1S73, vol. XVII, and in the French translation 
of this work, p. 336 et aeq. [Quart. Journ. Micr. Soc. 1871, pp. 49-76.'— Ann. des Sc. Nat., 
6° t>er., vol. I, 1875, p. 1.] 
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weft an area of several square centimetres. The mycelial filaments grow on organic 
substrata, such as fruits, bread, glue, or even on saccharine fluids or dung, absorbing 
their nutriment from them; many species even grow parasitically on others nearly 
allied, exhausting the contents of their cells through peculiar feeding organs, the Haus- 
toria (see Fig. 175 h ). 

The non-sexual propagation of the mycelium may continue through an endless 
number of generations, until the conditions are favourable for the formation of con- 
jugating organs, for sexual reproduction. The conidia arise in two different 
ways: — In the family of Mucorini stout branches grow from the mycelium erect 



1 ' It. 174. — Ji Mycelium three day. old ut Phytomyi es in tens grown in .1 drop of 
gelatine with .1 dccoi tion of plums ; the finest rumiiicalums are omitted ; £ the comdio- 
pliorc ; .4 .1 conidtophoic of Mutor Mucai^ m optical longitudinal section; C a germi- 
nating zygospore of Mucor Miucdo s . the germinating filament L is lure putting out a 
lateral conuhophorc £ /> Free conjugating branches b b, the extremities of which a n 

have not yet coalesced, but ate separated by a scpt'im ; the zygospore results from the 
t Quiescence of the cells a a. {/t, C, D after llrefeld ; li from nature ) 


into the air, reaching a height of several centimetres, and at length swelling up at 
the summit into a sphere (Fig. 174 B, g). Within this sphere are formed a number of 
round endogonidia, which become free by the rupture of the wall, germinate at once, 
and reproduce the mycelium. In a second family, the Piptocephalidae, the conidia 
are also produced on erect stalks, but these stalks branch copiously near their summit, 
and form numerous conidia (stylogonidia) by abslriction at the extremity, which 
produce a mycelium just as in the previous case. Besides these normal non- 
sexual reproductive organs, the mycelium also frequently produces gonidia of 
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a different kind, the filaments breaking up by the formation of septa into short 
segments, which then become rounded off, and are able, under favourable conditions, 
to produce new mycelium. This explains the production of the so-called Mucor- yeast 
(from Mucor racemosus which bears a striking resemblance to true yeast (Saccharo- 
myces) ; the mycelial gonidia can multiply by a yeast-like budding when placed in 
an unsuitable nutrient fluid. 

7 he mycelium has the power, under special circumstances, of reaching the mor- 
phological completion of its development by the formation of sexual reproductive organs. 
I hicKcr branchlets with a club-shaped extremity are produced on neighbouring filaments 



I If., P tptocf phdl t s / teicHMwt (after JlicfcM). M a <>( tlx 

myi < limn f't Mnror Mmedo train which the myt el mm of l'tpto<cphnh\ ttt m 
tlcHvis its nutriment ; h the hailstorm of f't film rfihnlis which penetrate the 
>ny(dni filaments of Mucor ; c a ronidiophorc ; ss the two umjujjatmp 
i)r.\nUu“, of the mycelium which give rise to tile zygospore Z. 


of the mycelium ; the apices of these branchlets come into contact, and coalesce by the 
disappearance of the cell-walls at the point where they touch (Fig. 174 D and 175 Z; 
see also 162 B) after a septum has been formed in each filament on each side of 
the point of conjugation. The protoplasm collects in the space which has been 
thus marked off; and a zygospore of comparatively large size is produced by the 
growth cither of the entire space thus separated (Fig. 174 C) or of its central part 
only (big. 175 Z); the thick outer wall of the zygospore being usually of a dark 
colour and furnished with protuberances or spiny outgrowths. The zygospore gcr- 

1 Hrrftld, Flora, 1873, no. 25. 
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minates only after a long period of rest, and does not then give rise at once to a 
new mycelium of the ordinary kind; but the inner layer of the cell-wall bursts the 
outer layer and protrudes through it in the form of a tube (Fig. 174 C), which 
immediately developes into a coni iiophore that breaks up into a number of conidia 
each of which developes into a new mycelium. This behaviour is evidently analogous 
to the germination of the zygospores of Pandorina, and to that of the oospores of 
CEclogonitim and Cystoptis hereafter to be described, which do not however produce 
conidiophores, but a number of zoospores which give birth to new individuals. 
The zygospore may therefore be considered as a sporocarp, forming, together with 
its conidiophores, a second generation, only that the carposporcs arc here precisely 
like the ordinary non-sexual ccnidia. 

In our present state of knowledge the Zygomycetes may be divided into two 
families : — 

1. The Mucorini, in which the conidia are formed, by free cell-formation, in 
the interior of spherical receptacles. In the genus Mucor the conidia are set free by 
the bursting of the fragile wall of the receptacle, while in Pilobolus this remains 
intact, but when ripe becomes detached at its base and, together with the conidia, 
is thrown to a distance by its elasticity. Mucor Mucedo is one of the commonest 
moulds, being found on fruits, bread, dung, and even in the interior of nuts and 
apples into which the mycelium penetrates. Mucor stolonifer covers in a short space 
of time large pieces of the same substrata, the mycelium putting out long stolon-like 
branches which attach themselves by their extremity, and produce conidiophores with 
black heads. The mycelium can even penetrate through the shell of fresh-laid eggs, 
and form conidiophores within them. Phycomyces nitens (Fig. 171 B) is distinguished by 
its conidiophores, which are ten or fifteen cent ’metres in height and of a violet colour. 
Ihamnidium bears an ordinary large eonidiophore at the summit of each of the long 
stalks, and below these whorls of small branches with very small receptacles containing 
only a few conidia. Pilobolus almost always makes its appearance when fresh horse-dung 
is covered by a bell-glass 1 , 

2. The Piptocephalid© bear a number of stylogonidia on their conidiophores which 
arc much branched towards the summit. The two genera described by Brefeld, 
Chert oclad't urn and Piptacephalis, are parasitic upon Mucor Mucedo, the latter being 
represented in Fig. *75. 


CLASS III. 

O O S P O R E Ai. 

To this class belong all those Thallophytcs, whether containing chloro- 
phyll or not, which are reproduced sexually by means of oogonia. An Oogo- 
nium is a cell distinguished by its size and shape ; the contents either form 
a naked primordial cell — the Germ-cell or Oosphcre — by simple contraction and 
rounding off within the oogonium, which opens later, or divide into two 
or more portions, which similarly become oospheres. The fertilisation of 
these oospheres is effected by means of motile A nthcrozoids produced within 

1 [On Pilobolus crystallinus see Cohn, Nova Acta Acad. Nat. Cuiiov vol. XV. pt. I. p. 370. — 
Klein in Pringsheiin’s Jalirb. fur wiss. Hot. vol. VJ 1 J.J 
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Antheridia , which penetrate into the oogonia and fertilise the oospheres; or a 
kind of conjugation takes place between the antheridium and oogonium, as 
Pringsheim has shown to be the case in the Saprolegniese. With the exception 
of the extremely simple Sphicroplea , the antheridial cell is always smaller than, 
the oogonium and different in form ; the motile antherozoids, which are pro- 
duced either by simple contraction of the contents, or more commonly by division 
into a great number of portions, are always much smaller than the oosphere, 
and generally many hundred or thousand times. This great difference in size is 
the essential difference between this mode of sexual union and conjugation, be- 
sides the fact that the immotile oosphere passively awaits fertilisation by the 
antherozoids which swim around it. After fertilisation the Oospore which results 
from the oosphere behaves precisely as a zygospore; it becomes invested by a 
firm cell-wall, and (except in Fucacex) must undergo a period of rest before 
germinating. Germination is in most cases indirect ; i. e. the contents of the 
oospore do not at once develope into a new plant, but divide into a smaller 
or larger number of cells which escape in the form of naked zoospores, each of 
which grows into a new plant. In such cases therefore the oospore, as we have 
repeatedly seen in the Zygosporex, may be regarded as a very simple sporocarp 
or as a second generation. The oosphere is the analogue of the oosphere in 
the archcgonium of Mosses; the ripe oospore, with its contents which break up 
into zoospores, is the very simple equivalent of the moss-capsule, as has been 
pointed out by Pringsheim, to whose researches we owe almost all that is here 
described. Put cases occur, as in the Zygosporex, in which the oospore germi- 
nates directly, as in the Fucacex, and there is no period of rest. 

The vegetative body of the Oosporex may consist of undifferentiated cells, as 
in Sphteropha , in this respect resembling the Conjugatx, the filiform thallus present- 
ing no distinction of base and apex. In one large group (Cceloblastx) the thallus 
consists, until the formation of fructification, of a single tubular cell, which often 
branches copiously, as in the Zygomycetes; in a further grade of development 
the thallus consists of branched and segmented filaments composed of cells of 
different kinds, and the plant, which is fixed to a substratum, manifests a well- 
marked contrast between base and apex. Finally we find the Fucacex, in which 
the thallus is very massive, and forms an actual tissue in which differentiation 
may be recognised into epidermal layers and fundamental tissue. 

There is no non-sexual multiplication by gonidia, either in the simplest form 
belonging to the class, Sphccroplea , or in the most highly developed, the Fucacex. 
The thallus of the other intermediate forms, on the contrary, produces abundance 
of gonidia, by means of which propagation may lake place through many genera- 
tions, in the same manner as Marchantia is propagated by bulbils. The gonidia 
arc produced either singly or in numbers as endogonidia in the interior of cells, 
escaping in the form of zoogonidia, or as stylogonidia by abstriction at the extremity 
of special branches; they are then immotile, as in the Peronosporex, though their 
contents may become transformed into motile zoogonidia. 

In a systematic classification of the Oosporex, the forms which do not contain 
chlorophyll may be arranged as a special section of those that do, the genetic 
relationship being here unquestionable. 
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A. Sphjbroplea annulina 1 * is at present the sole representative of the most simply 
organised of the Oosporeae. It consists, when fully developed, of cylindrical filaments 
divided by septa into very long cells, the green protoplasm enclosing rows of large 
vacuoles, and thus forming girdle-like rings. When in the vegetative state the cells 
are all alike; it is only when the process of sexual reproduction is commencing that 
a difference makes its appearance, some of the cells forming nothing but antherozoids, 
the rest nothing but oospheres. The latter are produced in large numbers within 
each cell, the contents breaking up, after various previous changes, into several globular 
portions, each of which is characterised by a hyaline speck. The antherozoids are 
formed in extraordinarily large numbers by the breaking up of the entire contents of a 
cell which had previously assumed a yellowish brown colour. In both kinds of sexual 
cells a number of holes are formed by the absorption of portions of the wall; the 
antherozoids escape through these orifices, forcing themselves in quantities into the cells 
in which the oospheres lie. The antheridia and oogonia therefore resemble one another 
in external form, while the antherozoids and oospheres are very unlike; the latter 
are elongated and club-shaped, with two cilia at the pointed end. The oospore or 
fertilised oosphere clothes itself with a thick warty cell-wall ; its contents become 
brick-red. Its further develppmcnt commences after a resting stage; the red 
contents divide by successive bipartition into a large number of primordial cells 
which escape from the oospore, are provided with two cilia, swarm about, and 
germinate after a period of rest. The germinating cell, which is at first shortly 
fusiform, then grows in both directions into a capillary filanfent, so that the anterior 
and posterior ends are exactly alike, and there is no distinction between base and apex. 
After the filament has grown to a considerable size, transverse divisions take place and 
the filament is then composed of a number of equivalent cells. 


B. — C(KT,0BLAST7F.. 

In this section are included for the present all those Oosporeae in which the thallus 
consists of a single tubular cell, without a nucleus'", more or less branching, and usually 
fixed to one spot. It is only when reproduction is commencing that branches of special 
form are separated by septa. The Coeloblastae are therefore not, accurately speaking, 
unicellular; it is only the vegetative body that is so. In all cases which have been accu- 
rately observed a non-sexual reproduction takes place by means either of stylogonidia 
or of motile endogonidia. The oogonia and anthciidia are usually terminal cells of short 
lateral branches, and are very different in form ; the former are more or less spherical, 
the latter tubular; the two being mostly placed close beside one another. 


FORMS CONTAINING CHLOROPHYLL. 

1. Vaucheria 3 consists of a single elongated cell, branched in various ways, some- 
times as much as 30 centimetres long, containing no nucleus, and developing on damp 
earth or in water. The fixed end is hyaline and branched in a wavy manner ; the free 
part contains within the thin cell-wall a layer of protoplasm rich in chlorophyll-granules 
and drops of oil, and enclosing the large sap-cavity. This part of the thallus forms one 
or more main filaments which branch behind their growing point ; only in V \ tuberosa is 

1 Cohn, Ann. des Sci. Nat., 4* scr., 1856, p. 187. 

8 [According to Schmitz (Sitzber. d. niederrhein. Ges. in Bonn, T879) a great number of nuclei 
are present in Vaucheria and its allies.] 

3 Pringsheim, Ueber Befruchtung und Keimung der Algen, 1855; Jahrbuch fur wissen. Bot. 
Bd. II. p. 470. — Schenk, Wiirzburgcr Verhaudl. ltd. VIII. p. 235. — Walz, Jahrbuch Air wissen. 
Bot. Bd. V. p. 137. — YVoronin, Bot. Zeit. 1869, nos. 9, 10. [Stahl, Bot. Zeit. 1879.] 
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the branching dichotomous; though commencing monopodially, the lateral branches 
often develope sympodially. At the commencement of the period of growth in the 
spring the plants arise from the oospores which have remained dormant through the 
winter, and arc at first propagated through several generations in a purely non-sexual 
manner. This is effected either simply by the abstriction of the ends of branches, or by 
very large zoogonidia which escape from the interior of a cell, and are covered by very 
short cilia, between these two forms the various species of Vaucher'ta show intermediate 
steps. In F. tuberosa , for example, branches swell up to a considerable size, become 
detached at the base, and put out at once one or more germinating tubes. In 
V. grminata the end of a branch swells up to an oval shape, its contents become 
separated by a septum, contract, and form a new cell- wall, and the gonidium thus 
formed either becomes free by the decomposition of the mother-cell-wall, or falls off* 
along with it, germinating after some days. The gonidia of V \ hamata are formed in 
the same way, but are thrown out with a jerk, remain at rest, and germinate 
during the next night. In other species, as V, sessilis , serieva , and piloboloides, the 
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contents of a branch become separated and contract, and force themselves out as 
a zoogonidium through a crevice at the extremity. The motion of the zoogonidia lasts, 
in V, sericea , only for ^ to i£ minutes, but in other cases for hours. The rotation 
begins, in F. sessilis , as I have distinctly seen, during their escape; and if the opening 
of the mother-cell is too small, the zoogonidium splits into two pieces; each becomes 
rounded off and again constitutes an entire zoogonidium; the outer one swims away, 
while the inner one remains rotating within the mother-cell. The formation of the 
zoogonidia begins in the night, as is the case with most Algae and Fungi ; they escape in 
the morning, and their germination commences during the day or the next night. 
They put out on germination cither only one or two tubes (Fig, 176, C, D ), or form at 
the same time a root-like organ of attachment (/?, F , <u>). The oogonia and antheridia 
originate as lateral protuberances from a filament which contains chlorophyll (Fig. 177 
B), sometimes even on the germinating tube of a zoogonidium. All the species of Vaucheria 
are monoecious, and the two kinds of sexual organs are mostly found very near together. 
The antheridia (Fig. 177, ha) are the terminal cells of slenderer branches, the contents 
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of which contain but little chlorophyll but produce a large number of very small 
antherozoids (Fig. 177, D ) ; these escape from the antheridial cell which bursts at 
the apex. In several species the antheridia arc curved like horns; in others they are 
straight (F. sericea) or curved sacs ( V . pachy derma ) ; in the V . synandra y discovered by 
Woronin, from two to seven small horns arise on the large ovoid terminal cell of a two- 
celled branch. The oogonia arise as thick protuberances (Fig. 177, A, B , og) filled 
with oil and chlorophyll. They swell up into an obliquely ovoid form, and finally the 
dense contents are separated by a septum (F, osp). The green and coarsely granular 
mass collects in the centre of the oogonium, while colourless protoplasm accumulates 
at its Ji'pex, at which spot it opens; at this moment the whole contents contract 
and form the oosphere. In some species a colourless drop of mucilage is expelled 
from the mouth. After the entrance of the antherozoids the oosphere clothes itself with 
a thick cell-wall ; its contents become red or brown, and the oospore now commences 
its period of rest. The formation of the oogonia and antheridia begins in the evening, 



f 

Mo. T77 — I r am Art /a u’v \ i/.'\ ; - / . /* t mijin of the .inthen-lium <t on tlu In am li l>, ,tml onfntimiin otf ; ( an open oogonium 
expelling n drop of imicil.i^f \l ; P antherozouK , /• the anthrrnzohK t o|h i ti <1 at the month of the oogonium ; F, «i .»« emplj 
tintheikhum; o*p the oospore m the uo^oiuum (.•/, A*, F, F from nature, ( , J> a fit r Prlmrshcim). 

and is completed the next morning ; fertilisation is accomplished between io and 4 
in the day 1 . 

Closely allied with Vaucherin in the form of their thallus — which is usually a 
much-branched filament undivided by septa — are a series of other genera formerly 
comprised in the class Stvhonkje, the mode of sexual reproduction of which is how- 
ever at present unknown, if indeed they have any. It Cannot therefore yet be affirmed 
with certainty whether the Siphoneac constitute a natural group. The mode in which 
the gonidia are formed is at least not opposed to this idea. The following forms may be 
especially mentioned : — In Botrydium 2 the young plant is a spherical cell, from which 

1 [Stahl has described a peculiar encysted form of Vaucherin geminata : this has been previously 
described by Kiitzing as a distinct plant under the name Gongrostra dichotoma. (Bot. Zeit., 1^79-)] 
u Braun, Verjiingung in der Natur, p. 136 [Kay Soc. Rostifinski and Woronin have detected 
(Bot, Zeit. 1877) the conjugation of zoogonidia in B. granulatum . The former consideis the Boiry- 
dtaceee allied to Pandorine<r and Hydrodictye(e.'\ 
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a hyaline prolongation is subsequently formed which branches like a root and penetrates 
the earth, while the upper part swells up into an ovoid vesicle, in which the proto* 
plasm forms a parietal layer containing chlorophyll. From this arise, after growth 
is completed, a number of zoogonidia which arc set free by the wall of the mother- 
cell becoming gelatinous and deliquescing. This is evidently a more simple mode of 
growth than that of Vaueheria . A higher degree of branching is found in Bryopsis, which 
is also unicellular. This genus also forms on one side root-like organs of attachment, on 
the other upright much-branched stems (several centimetres in height) with unlimited 
growth at the apex ; small branches with limited apical growth are formpd on them in 
two rows or spirally, which clothe the stem like leaves, and after they have become 
shut oil' from it by sepia, fall off; in them numerous zoogonidia are formed 1 . The 
branching of a single large cell is carried still further in the genus Caulerpa, which 
formscreeping stems growing at the apex with descending branched rhizoids and ascending 
leaf-like branches 2 * . The growth of a unicellular thallus takes place in still another 
manner in Aeetabularia. Here the plant, two or three centimetres high, has the form 
of a slender Hymenomycetous fungus, the stem of which developcs a rhizoid below and 
bt^ars a pileus above, consisting of a disc of closely crowded rays, which are themselves 
radial branches of the stem. The stem ends above in the form of a boss ; at the base of 
the radial branches surrounding the boss stands an umbellate whorl of branched seg- 
mented hairs. In the rays of the pileus arc formed the non-sexual zoogonidia 8 . Finally 
Udotea cynthiformh must be mentioned here. This species forms a stalked leaf-like 
thallus, the stalk S inch, and the thallus from j inch to 2 inches long and broad, its 
thickness from ,-jVtt to ? V.- line. When cut transversely it seems to consist of a cellular 
tissue, but in reality the thallus is composed of a great number of branched filaments, 
which, forming a cortical and medullary layer, are all ramifications of a single cell 4 * * * . 


FORMS NOT CONTAINING CHLOROPHYLL. 

2. T he Saprolegnieffi 5 are colourless parasites usually found attached to animal 
or vegetable organisms in water, especially dead insects, forming dense radiating tufts. 
The individual plants are long undivided filaments, penetrating deeply into the substratum 
by means of root-like branches, and branching more or less in the surrounding water, 
sometimes in an arborescent manner. The zoogonidia are formed in the branches 
after the contents have been separated by a septum ; occasionally a number of such 
septa are formed, and they are then produced in each cell. The zoogonidia are 
formed simply by the simultaneous division of the contents into a very large number 
of portions (Fig. 178, A)\ the cell opens at the apex and the gonidia are expelled; 
these at once swarm about in the water and become dispersed, or at first accumulate 
in a resting state in front of the opening ; each gonidium then becomes immediately 
invested with a firm cell-wall, hut after a short time it abandons it and then begins 

1 Fringshcim, on ftryopsib, in the Monatsber. der Berlin. Akad. May 1871. 

a Nageli in Zeitsehrifl fur wiss. Hot. 1844, bd. i. p. 134. 

s [Woronin, Ann. des Sc. Nat k 4'’ ser., vol. XVI. p. 200. De Bary and Strasburger have 
detected (Bot. Zeit. 1877) the conjugation of zoogonidia.] 

4 Nageli, Die neueren Algensjsteme, p. 177. [The remarkable fossil plant from Canada of 

Devonian age, Pratotaxites Logani, was probably an enormous Siphonaeeous Alga ; see W. T. 

Thiselton Dyer. Joum. of Hot. 1871, p. 252; Carruthcrs, Monthly Micros. Journ. jK 72, p. 160.] 

r> Fringshcim in Jahrb. fur wiss. Hot. vol. 1 . p. 285 [Ann. d. Sc. Nat. 1859, tom. XI. p.349] ; 
vol. II. p. 205 ; vol. IX. p. 191. — De I (ary, ditto, vol. II. p. 169. — Hildebrand, ditto, vol. VI. p. 249. — 
Leitgeb, ditto, vol. VII. p. 257. — Cornu in Aim. de Sci. Nat, 5th ser., vol. XV. p. 328.— Schenk, 
Hot. Zeit. 1859, p. 348. — Ffit/cr in Monatsher. d. Beilin. Akad. May 1872. — [De Bary und Woronin, 

Beit, zur Morphol. u. Fhysiol. d. Pilze, IV, 18S1.J 
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swarming about (Fig. 178, B ). It also sometimes occurs that the gonidia clothe them- 
selves with a delicate cell-wall while still within the mother-cell, forming a kind of 
parenchyma, and then escape from the mother-cell through numerous holes in its wall. 
These various modes of formation of the gonidia, by means of which species and even 
genera have hitherto been distinguished, can, as Pringsheim has shown, take place 
simultaneously on the same plant, as in Saprolegnia and Achlya. In Saprolegtiia , 
when the gonidia have escaped from the terminal cell of a branch, the septum 
bulges out and devclopes into a new gonidial receptacle which takes the place of the 
one that is now empty ; in Achlya a lateral branch beneath the septum becomes the 
new gonidial receptacle. In the very small and simple genus Pythium , which is parasitic, 



lyn ; A one* still closed; />’ \vi(b the 
;onidia escaping, a I'oiiidmm Just •.**»■ 
■d and still in a state of rest, c aftcr’cuin- 
tinjy to swarm, having abandoned their 
walls ft. 


170. — Oogonia and uiUhcndiu of Achlya lignuola, jjrowinjf on 
wood in water; the i must - of development is indicated by the letters A— /■’. 
<1 the nnthcridutiii, its tube penetrating into the oopoimun ^d). 


filaments emerge which open at their apex and allow the protoplasm to escape in a ball 
which then breaks up into a number of zoogonidia. After coming to rest the zoo- 
gonidia of the Saprolcgnie<e give rise to new plants, which, when they have access to 
a fresh substratum, such as a dead fly, produce in succession several generations of 
non-sexual gonidia-forming individuals. 

It is only towards the close of the period of growth that sexual individuals make 
their appearance. The extremities of the filaments then swell up into a globular 
form (Fig. 179), a septum is formed beneath the swelling, which constitutes the oogo- 
nium, and its protoplasmic contents cither simply contract to form the oosphere, as 
in Pythium monospermum and Aphanomyces , or the contents divide into two or more 
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oospheres, considerable contraction taking place. At the same time the antheridia 
are also formed, appearing as much slefidercr lateral branches, beneath the oogonia 
but sometimes above their basal wall. These antheridial branches are usually much 
curved; their upper portion is separated by a septum, and the terminal cell thus formed; 
the antheridium usually applies itself firmly to the surface of the wall of the oogonium. 
The process of fertilisation itself, which had previously been only imperfectly known, 
presents, according to the most recent observations of Pringsheim, several remarkable 
peculiarities which throw considerable light on the genetic relationships of the Sapro- 
Jcgnicir, and on the essential nature of the various modes in which it takes place. 
Even before the contents of the oogonium have broken up into oospheres, a larger 
or smaller number of spots of a lighter colour (Fig. 179, C) may be observed on the 
oogonium ; at these spots Pringsheim states that the inner layer of the cell-wall protrudes 
in the form of a wart to form the conjugating organ by which fertilisation is subsequently 
effected ; in some species of Saprolegnia and Achlya these warts remain covered by the 
outer layer of the cell-wall of the oogonium. As soon as an antheridial cell becomes 
closely applied to the oogonium, a protuberance of the inner layer of the cell-wall 
f of the antheridium first of all penetrates into the outer layer of the cell- wall ot 
the oogonium, and meets the wart already described belonging to the inner layer; 
this latter is then absorbed at the point of contact, and the protuberance of the 
antheridium grows into a narrow tube which penetrates deeply into the oogonium, its 
extremity burying itself in the midst of the oospheres. These processes are only par- 
tially represented in Fig. 179, which was drawn long before the discovery of the actual 
phenomena. According to Pringsheim the extremity of the fertilising tube opens in the 
interior of the oogonium ; extremely minute bodies are repeatedly expelled in jerks 
and after long intervals, which arc seen among the oospheres, and which are probably 
antherozoids or bodies with a similar function. Rut the substance expelled from a single 
fertilising tube ma> serve for the impregnation of several oospbores in an oogonium ; and 
it is the more probable that this takes place since the number of these tubes which pene- 
trate into an oogonium is usually different from that of the fertilised oospheres. With 
regard to the bright spots in the wall of the oogonium, through which, as wc have 
seen, th(* fertilising tubes enter, it is evident that a process takes place here similar in 
its nature to conjugation, since not only does the antheridium grow into the oogonium, 
but the inner layer of the wall of the oogonium also, so to speak, grows towards the 
antheridium by the formation of the wart already described, in order to unite with 
it, although no actual coalescence of the contents takes place at that time, the wart 
being subsequently penetrated by the fertilising antheridial tube. But in some 
Saprolegnieie the formation of this conjugating wart proceeds further; it penetrates 
through the outer layer of the wall of the oogonium, opens at the surface, and 
eacli wart thus becomes an orifice through which the antheridial tubes penetrate : 
sometimes, according to Pringsheim, the conjugating warts become raised above the 
spherical surface of the oogonium in the form of more or less elevated protuberances, 
or even grow into tolerably long tubes, the apices of which are occasionally met with in 
conjugation with an antheridial tube. T hese cases, although rare, manifest still more 
strikingly a certain resemblance to the conjugation of the Zygomycetes, and perhaps 
a still closer analogy to the process of fertilisation in some Aseomycetes, such as 
Pcxiza conjiuens ; or a comparison might even be drawn between the trichogyne of 
Ncmahon and the protuberances of the oogonium. The similarity of the process of 
fertilisation in the Saprolegnieae to that already described in the case of Vauchtria is 
sufficiently clear; that spot in the oogonium of Vauchtria which subsequently opens .and 
exudes a drop of mucilage may obviously be compared with the conjugating wart in those 
oogonia which contain only a single oosphere ; only that in Vauchcria no fertilising 
tube is usually developed from the antheridium, since the antherozoids are larger, and 
remain motile for a considerable period, finding their own way into the open oogonium. 
Pringsheim has already pointed out the corresponding analogy with the CEdogoniea;. 
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Two other remarkable facts have still to be mentioned : — in the first place that 
determined by Pringsheim, that parthenogenesis is not an uncommon phenomenon in 
Snprolegnia and Achlya. Some or all of the oogonia on a plant may not be fertilised 
at all, the formation of antheridia on them being altogether suppressed ; and yet the 
oospores are perfectly developed and are capable of germinating. We shall refer 
more in detail in Book III. Sect. 30 to this and other instances of parthenogenesis in the 
vegetable kingdom ; here it need only be mentioned that the forms hitherto considered 
as dioecious — no antheridial branches being found on the oogonia — are not distinct 
species, but only parthenogenetic forms of monoecious species. In contrast to the 
development of oospores without fertilisation is the occurrence of antheridia the tubes 
of which do not penetrate into oogonia, but open and expel the fertilising particles into 
the surrounding water. In these, as well as in those tubes which pierce the oogonia, 
Pringsheim observed that the expulsion does not take place all at once, but in repeated 
jerks and after considerable intervals. 

The oospores or fertilised oospheres clothe themselves with a thick firm cell-wall 
and remain dormant in the oogonium for months. Their germination takes place 
subsequently in two different ways : — either the oospore puts out a germinating filament 
which at once developes into a branched plant in which zoogonidia are subsequently 
formed ; or it puts out a short filament which opens at its apex and allows the whole 
of its contents to escape in the form of zoogonidia. Sometimes after the com- 
mencement of the formation of a filament the contents break up into gonidia, or 
the entire contents, surrounded by an inner cell-wall, escape from the outer envelope, 
and then germinate. In their mode of germination the Saprolegnicsr approach on one 
hand the Mucorini, on the other hand the Pcronosporcat. 

3. The PeronosporeflB 1 are all parasitic on the succulent parenchymatous tissue 
of living Phanerogams (Dicotyledons), the irregularly-branched mycelium spreading over 
large areas in the intercellular spaces, and putting out at a number of places appendages 
(IJaustoria) which penetrate into the interior of the cells of the host, and enable it 
to absorb the cell-contents as food. As in the preceding families, the entire vegetative 
body or mycelium consists of a single tubular cell not divided by septa. Multiplica- 
tion again takes place at the commencement of the period of growth exclusively in the 
non-sexual mode by the production of gonidia. t hese are abstricted and fall off from 
the end of branches, and arc therefore slylogonidia, or, as they are usually termed, 
conidia. In the genus Peronospora , which comprises a large number of species, long 
•'lender branches of the mycelium emerge into the air through the stomata of the host 
for the purpose of the production of conidia, then branch in a somewhat arborescent 
manner, and form at the end of each branch a comparatively large ellipsoidal eonidium. 
In Cystofus a large number of short club-shaped branches (Pig. 180, B) are formed 
densely crowded together on the mycelium beneath the epidermis of the host, and 
each of these produces at its extremity a series of conidia, until finally they burst 
the epidermis and escape in the form of a fine dust. The conidia germinate in 
different ways. In Peronospora there are some species, as P. infest am and nii'ea> 
in which the contents of the conidia, after falling off and reaching a drop of 
rain or dew, break up into a large number of swarming zoogonidia and escape 
(Fig. 180, C, D); in others, as P.pygnura , the whole of the protoplasm escapes out of 
the eonidium and forms a roundish cell which at once puts out a germinating filament. 
In a third and fourth section of the genus the conidiutn puts out at once a germinating 
filament which emerges either at a definite spot ( P . gangliformis) or indifferently at any 
spot (P. parasitica , calotheca , Alsinearum ) 8cc,). In Cystopus either ail the conidia are 
alike, i. e. when they reach a drop of water they produce swarming zoogonidia 

1 De Bary, Ann. dcs Sci. Nat., 4 0 ser., t 86 o , vol. XIII ; 1863, vol. XX. [On Phytophthora ( Pe - 
ronospora) infeatans, see De Bary. Joum. of Bot. 1876, pj». 105-126, and 149-154 : see also Bol. Ztg. 
1881.] 
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(C. candidus ), or the terminal conidium of each chain gives rise to a germinating filament, 
if it is capable of germinating, while the other cells of the conidial chain produce 
zoogonidia (C. Portulacas). After the swarming is finished the zoogonidia become firmly 
attached to the cuticle of the host, invest themselves with a thin cell-wall, and, in the 
case of Peronospora mfestans , put out a delicate germinating filament directly into an 
epidermal cell, piercing through its outer wall. After it has entered the cell (Fig. 
180, H) this filament absorbs the whole of the protoplasm of the zoogonidium, and, 
after piercing also the inner wall of the epidermal cell, reaches an intercellular space, 
where the mycelium developes. The zoogonidia of Cystopus are firmly attached near the 
stomata of their host, and push their germinating filaments into their orifices (Fig. 180, G), 



Fit*. 180 . — Cystopus candidus. A branch of the mycelium growing at tin aprx / with liauMori.i k between the paren- 
chymatous cells of Lefndium xatroutn; JR comdia-bearing branch of (the myt clmm ; (_ , />, ]■ formation oi zoogonidia 
from the conidia; /’zoogonidia germinating ; G a zoogonidium gennin.il mg on .1 stoma; // zoogoiiulmm of l'erauo\poui 
mfestans pcnetiating through the epidermis of a potato-stem (after IH- Uurj. x 40-1). 


and thus find their way at once into the intercellular spaces. When the mycelium has 
once obtained a footing in the parenchyma of the host, it continues to grow in it, and 
finally often spreads through the whole plant, putting out its conidia-bcaring branches 
at various places in the stem, leaves, or inflorescence. In this manner the (unicellular) 
mycelium of P. mfestans can even hibernate in the tubers of the potato, to undergo 
further development in the shoots in the following spring. The sexual organs of 
the Peronosporeae arc developed in the interior of the tissue of their host. Spherically 
dilated ends of branches of the mycelium shape themselves into oogonia (Fig. 181, A> <#), 
in each of which an oosphcrc is formed out of a portion of the protoplasm (B f os). 
From another branch of the mycelium a branchlet grows towards the oogonium, 



OOSPOREJE . 


277 


swells, and becomes closely attached to it; and the thicker part becoming separated 
by a septum (just as takes place with the oogonium itself), developes into an anthe- 
ridium. As soon as the oosphere is formed, a fine branch of the antheridium (J8, an) 
reaches it, penetrating the membrane of the oogonium. After fertilisation the oosphere 
becomes surrounded by a coat which thickens and forms an external rough dark-brown 
exospore and an inner endospore. These oospores remain dormant through the 
winter and then germinate ; in the case of Peronospora V alcrianella they form a myce- 
lium on moist ground; those of Cystopus , however, produce zoospores; the endo- 
spore (/) forces itself like a bladder out of the ruptured exospore (Fig. 181, F), and 
then bursting, the zoospores (O) are set free, which behave in exactly the same 
manner as the zoogonidia produced from the conidia of this genus. 



Mr. C ystofui caitdtdu\ A mycelium with young ongnnla ; A* oogonium eg with oosphere os and anthcridiuin an ; 

C ripe oogonium ; D ripe oospore ; H, F, G formation of zoospores from oospores ; / endospore (after Dc Uary, x 41x1). 


The genus Empusa, in which no sexual organs have as yet been discovered 1 , is 
probably related to the Saprolegnieac and to the Peronosporeae. Empusa muscce is the 
parasite which proves fatal, more especially in the autumn, to house-flies. If these 
insects remain attached to the window-panes they become surrounded by a powdery 
substance which consists of extruded conidia. These conidia are capable of forming 

1 [Brefeld, Untersuch. liber die Entwickehmg der Empusa Musca und E. radicans, 1871. 
Nowakowski and Brefeld have both recently published observations on Empusa musca (. Entomoph - 
thnra) in the Bot. Zeit. for 1877. While Novvakowski states that he has observed zygospores, 
Brefeld believes that the resting spores arise asexually. Novvakowski thinks the Entomophthorea 
-dlied with Piptocej halii!ea.\ 
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secondary conidia, and of projecting them to some distance. If one of these happens 
to strike a fly upon the white area of the under surface of its body, it sends a hypha 
through the skin, and there forms toruloid cells, which multiply by germination and 
are disseminated in the blood throughout the body of the fly. These finally grow into 
hypha*. which penetrate the skin, each forming a conidium, which is cast off with con- 
siderable force. 


C. — Volvocineje 1 . 

[This group includes two genera, Volt'ox and Eudorina , which resemble Pandarinn in 
many respects, and were formerly included with it in one group. Like Pandorina y these 
plants are motile, and consist of a number of ciliated cells aggregated into a ccenobium. 
In Eudorina , which so much resembles Pandorina as to be sometimes mistaken for it, the 
number of cells is 16 or 32; in Voh'ox it is very great, amounting even to thousands. 
'Hie cells arc so arranged as to form the wall of a hollow sphere. The distinction 
between these plants and Pandorina is that in them certain cells of the canobium 
^ develope into antheridia and oogonia. In Eudorina four of the cells become antheridia, 
and the remainder oogonia : in Voh'ox a certain number only of the cells take on the 
function of reproductive organs. The anthcrozoids formed in the antheridia escape and 
make their way through the wall of an oogonium to the oosphcrc which it contains, and 
fertilise it. The oosphere then surrounds itself with a firm double cell-wall, and 
assumes a led colour: it becomes an oospore. 

Non-scxual reproduction is effected by the repeated division in Voh'ox of certain 
cells (gonidia) of the ccenobium, and in Eudorina of all the cells. In the former, the 
young ctenobia which are thus formed escape into the cavity of the mothcr-cmnobium, 
where they remain until they are set free by its death and disintegration : in the latter, 
they are at once set free. 

Sexual and non-sexual reproduction do not go on simultaneously in the same 
ccenobium of Vohw\, and in one species (Voh'ox minor , Stein) the male and female 
organs are not produced in the same co nobium, whereas this is the case in Vohwx 
Globa tor, L. 

The germination of the oospore has been observed by Kirchner in Voh'nx minor . 7 ’he 
protoplasmic contents divide into two, and this is repeated until about 500 small cells 
have been produced ; these are arranged like those ol the adult ccenobium. The wall of 
the oospore gradually deliquesces, and the young cam obi um is set free.] 


I).— (Kdogonika.. 

The CEdogonieflB 2 include at present only the two genera C Edogonium and Bulbo- 
cnrtfj the few species of which are common in fresh water, fixed by an organ of attach- 
ment at the lower end to solid bodies, mostly the submerged parts of other plants. 
L he thallus consists ol unbranched ( (Kdogonium) or branched ( Bidboch;vte ) rows of 
cells, which multiply by intercalary growth, while the terminal cells elongate into hyaline 
bristles. The longitudinal growth of the cylindrical cells begins with the formation of 
an annular cushion of cellulose inside the cell, close beneath its upper septum; the 
cell-wall ruptures at this place circularly; the ring of cellulose then stretches, and a 
broad transverse zone is thus intercalated in the wall of the cell. The process is 
constantly repeated immediately beneath the older very short upper piece of the cell, 

1 [On Volvox, see Cohn, Beilr. 7. Jliol. d. Pflzn. 1 . 3, and Kirchner, ibid. II. 1 : on Eudorina see 
Carter, Ann. of Nat. Hist., scr. 111. vuls. 2 and 3.] 

a Pringsheim, Morphologic der Gvdogoniivn, Jalirb. fur wissen. Dot. vol. 1 . De Bary, Ueb. 
(Edogonium u. BulbochmU , 1854.— Juranyi, Jahrb. d. wiss. Hot. IX. [Ann. dcs Sci. Nat. 1856, 
vol. V. j). 251.— Carter, Ann. and Mag. Nat. Hist. 1838, vul. I. pp. 29-39.] 
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so that these pieces, forming small projections, give to the upper end of the cell the 
appearance of consisting of caps placed one over another, while the lower end of the 
cells appears to be enclosed in a long sheath (the lower old piece of cell-wall). This 
lower part of an elongated cell is always separated by a septum from the upper cap- 
bearing piece (see Fig. 17, p. 22). In Bulbochntc the growth of all the shoots, even of 
the first which proceed from the spores, as far as it depends on cell-multiplication, 
is limited to the division of their basal cell ; it follows therefore that the cells of each 
shoot must be considered to be the basal cells of the lateral branches which stand upon 




Mu i»:\ TJcvulopment of the zonponidm of 
ij HOi'onntm (after I'riiitfsheim) .-/, /»' Ilnur origin 
1 r * .111 .111 older filament ; < tree zoo^omdiiiiii * n 

motion ; /> cnimnctu ement of its yermmution ; 

b .1 /oo^oindium formed out of the entire contents 
of a Kcrminatinn plant (X 130) 


Mu i8*t — .*/ iVdo^omum * Utatnm ( x 25. >) middle part of a sexual tilamen 
with an .mtheridium (m) «»t tin* upper end, and two fertilised oojjonin (i>c) am 
a dwarf male plant »t ; />’ oogonium at tile iiioiueiil of fertilisation; 0 tli 
oospherc. r the antherozuid in the ait of fun iii£ its way m, m dwarf mal 
plant; ( ripe oospore; f } piece of tin* male* filament of O. £t'melhj>arum 
t .mtheroroids. F branch of a liyliernatcd plant of Fiilbocluetc tntei media 
with one oogonium still containing a spore, anothei 111 the act of allowing it t 
escape; in the low«i pari an empty oogonium b the four zoospores result 
inj? from an nesporc; C zoospores from an oospore mine to rest (aftc* 
rriiifjshemi). 


them. The cells contain chlorophyll-grains and a nucleus in a parietal layer of proto- 
plasm. The zoogonidia, as well as the oogonia and antheridia, are formed from cells of the 
filaments, which only become enlarged and assume a more or less spherical form when 
they give rise to oogonia. From the oospores which have remained at rest for a con- 
siderable period several (usually four) zoospores are immediately formed, which produce 
asexual, /. r. zoogonidia-formi ng plants, from which again similar ones proceed, until the 
series of them is closed by a sexual generation (with formation of oospores) ; but the 
sexual plants produce zoogonidia as well. The sexual plants are either monoecious or 
dioecious; in many species the female plant produces peculiar zoogonidia (Androgonidia), 
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out of which proceed very small male plants (dwarf males). Several generative cycles 
or only one may be completed in a vegetative period. The zoogonidium is formed in 
an ordinary cell of the filament (sometimes even in the first cell, Fig. 182, E ) by the 
contraction of its whole protoplasmic substance; it becomes free from the mother- 
cell, the cell- wall splitting by a transverse slit into two very unequal halves (as in the 
division of the cells) (Fig. 182, j 4,B,E). It is at first surrounded by a hyaline mem- 
brane, which however it also breaks through. At its hyaline end — the anterior end 
during the swarming — it is encircled by a circlet of numerous cilia. This end lies 
laterally in the mother-cell, and, after the movement ends, becomes the lower attached 
end which grows out into a rhizoid ; the direction of growth of the new plant is thus 
.at right angles to that of the mother-cell. The antherozoids arc very similar in form to 
the zoogonidia, but much smaller (Fig. 183, £>,«); their motion, due to a circlet of 
cilia, is also similar. The mother-cells of the antherozoids arc cells of the filament, 
but shorter and not so rich in chlorophyll as the vegetative cells; they lie either 
singly or in groups (sometimes as many as twelve) above one another. In most species 
each antheridium-cell divides into two equal special mother-cells, each of which produces 
* an anthcrozoid ; they escape by the splitting of the mother-cell (as in the case of the 
zoogonidia) (Fig. 183, D). The androgonidia from which the dwarf male plants arise 
arc produced from mother-cells similar to those which give birth to the antherozoids 
(without formation of special mother-cells). After swarming they fix themselves to a 
definite part of the female plant, on or near the oogonium, and after germination produce 
at once the antheridium-cells, and in them the antherozoids (Fig. 18 3, vtf, B, m, m). The 
oogonium is always developed from the upper daughter-cell of a vegetative cell of the 
filament which has just divided, and immediately after the division swells up into a 
spherical or ovoid form. In Bulbachiv.te the oogonium is always the lowest cell of a 
fertile branch. This is not opposed to the law of growth above-mentioned, inasmuch as 
the mother-cell of a branch fulfils at the same time the function of its basal cell ; the 
oogonium of Bulbncbivte is never the first cell of a branch, since this is always developed 
as a bristle. The oogonium becomes at first more completely filled with contents 
than the remaining cells ; immediately before fertilisation the protoplasm contracts and 
forms, as in Ptmchiria, the oosphere, in the interior of which the chlorophyll granules 
are densely crowded. The part of the oosphere which faces the opening of the 
oogonium consists simply of hyaline protoplasm. The opening of the oogonium is 
produced in a variety of ways. In some species of (Edogomum and all of Bulbochivtc its 
wall has an oval hole in its side, out of which the colourless part of the oosphere 
protrudes in the form of papilla?, and takes up the antherozoids. In some species of 
(Edogonium (Fig. 183, B) } on the other hand, the oogonium-cell splits, as when the 

zoogonidia are escaping; and the otherwise straight row of cells of the filament thus 
appears as if broken at this spot. In the Lateral fissure appears some colourless muci- 
lage, which the observer can actually sec take the form of an open beak-like canal (Fig. 
183, B 9 ?.), through which the anthcrozoid enters. The anthcrozoid coalesces with the 
hyaline part of the protoplasm of the oosphere and disappears 1 . Immediately after 
fertilisation the oosphere surrounds itself with a membrane, which afterwards, like its 
contents, assumes a brown colour ; but in Bulbochactc the contents of the oospore thus 
formed is of a beautiful red. The oospore remains enclosed in the membrane of the 
oogonium, which separates from the neighbouring cells of the filament and falls to the 
ground, where the oospore passes its period of rest. When it awakes to new activity, 
the oospore does not itself grow into a new plant ; but in Bu/bochmte , where this process 
has been observed, its contents divide into four zoospores, which escape together with 
the inner skin of the oospore, and after this latter is dissolved, swim about. After 
becoming stationary each grows into a new plant. 


1 Iri O. diplandrum , discovered by Jmanyi, the large antherozoids creep in an amneboid manner 
the oogonium until they icach the canal, which they slowly cnlei. 
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The Confervaee®, like the CEdogonieae, consist of rows of cells or segmented fila- 
ments, which either remain unbranched, as in Cbmtomorpha , or become branched, as in 
Cladopbora , Rbizoclonium, Stigcoclotiium (Fig. 3), Draparnaldia , Chmtophora l * . With re- 
ference to their reproduction, it is only known that macro- and micro-zoogonidia arc 
formed in the cells of the filaments ( Cbmtomorpha , Cladopbora ), the sexual significance 
of which is still unknown 3 ; and that in the other above-mentioned plants resting-spores 
are formed in certain cells of the filaments. Pringshcim suggests that they are probably 
equivalent to oospores, but that they are produced parthenogenetically. 

E. Fucoidfjb. 

The Fucacero comprise, in the narrow limitation proposed by Thuret :l , a few 
genera of large marine Alga 1 , the thallomcs of which, often many feet long, have a 



I- tc. 184 --/■>(, pl(ttycarpu\ (after Thurot) ; A en<l of one of the larger branches (natural si.zc) ; f /feitilo brant hints ; 
/' transverse section of ,i couceptacle ; d the surrounding epidermal tissue ; a the hairs projecting from the mouth ; b hairs 
m the interior; r oogoniu,e anthetidia (cf. Fig. a, p. 3). 


greenish-brown colour and a cartilaginous consistency. They arc fixed to stones or 
other bodies by a branched attachment-disc. The thallomes branch dichotomously, 
and the further development is also frequently forked, but in other cases sympodial, as 
in Fig. 184. The ramifications, irrespectively of later displacements, all lie in one 
plane. 


1 [The Ulvaces are probably allied to the Conferva cere. In them the cells arc arranged so 

as to form a delicate membrane.] 

3 [Accoiding to Areschoug (Nov. Act. rcg. soc. sci. Upsal. ser. 3. vol. IX) the microzoogonidia 
ol Cladophora conjugate in pairs.] 

3 G. Thurot, Ann. des Sci. Nat. II. p. 19 f. 
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The tissue consists at the surface of small closely-crowded cells ; in the interior it is 
laxer, and the elongated cells are often connected into articulated threads. The cell-walls 
often consist of two clearly distinct layers, an inner thin, firm, compact layer, and an 
outer gelatinous one, capable of swelling greatly in water, which fills up the interstices of 
the cells, and has the appearance of a more or less structureless ‘intercellular substance;’ 
it is clearly the cause of the slimy character which the Fucaceae assume after lying for 
some time in fresh-water. The granular cell-contents have been but little investigated ; 
they appear to be mostly brown, but contain chlorophyll which is concealed by other 
colouring materials; from dead plants cold fresh-water extracts a buff-coloured sub- 
stance 1 . The tissue often becomes hollowed out internally into large cavities containing 
air which are forced outwards and serve as swimming bladders. The thallus has not, 
as far as 1 know, been further minutely examined 2 ; the outer conformation especially 
has been but little investigated from a morphological point of view. (Cf. Nagcli, Neuerc 
Algensysterne.) 

The mode of sexual reproduction is far better known through the labours of Thuret 
and Pringsheim. The anthcridia and oogonia are formed in spherical hollows (Con- 
ceptacles) which make their appearance in large numbers and densely crowded at the 
ends of the longer forked branches or of lateral shoots of peculiar form. These con- 
ccptacles are not formed in the interior of the tissue, but are depressions of the sur- 
face which become walled in by the surrounding tissue and so overgrown that at 
length only a narrow channel remains, opening outwards. The layer of cells which 
clothes the hollow is thus a continuation of the external epidermal layer of the thallus; 
and since the filaments which produce the anthcridia and oogonia sprout from it, these 
latter are, morphologically, trichomes. Some species are monoecious, /. e. both kinds 
of sexual organs are developed in the same conccptacle, as in Fucus platyearpus (Fig. 
184); others arc dioecious, the conceptacles of one plant containing only oogonia, those 
of another plant only anthcridia (e.g. Fucus vesiculosus , serratus , and nodosus, Himantbalia 
lort-a ). A number of hairs which grow in the conceptacles among the sexual organs are 
long, slender, articulated, but unbranched, and project in F. platyearpus out of the mouth 
of the receptacle in the form of tufts (Fig. 184, h). The anthcridia are produced as 
lateral ramifications of branched hairs. Each antheridium consists of a thin-walled oval 
cell, the protoplasm of which splits up into numerous small antherozoids ; these arc 
pointed at one end, and each is furnished with two motile cilia ; in the interior they 
contain a red spot. The formation of the oogonium begins with the papillose swelling of 
a parietal cell of the conceptacle; the papilla is separated off by a septum, and divides, 
as it grows in length, into two cells, a lower, the pedicel-cell, and an upper, which 
forms the oogonium; this swells up into a spherical or ellipsoidal form and becomes 
filled with dark protoplasm. The protoplasm of the oogonium remains undivided in 
some genera ( Pycnophycus , Himantbalia , Cystnscira , Halidrys), and the whole contents 
of the oogonium thus form one oosphere; in others (Helvetia) it divides it into two, four 
(Oxothallia 'vulgaris ), or eight (Fucus). Fertilisation takes place outside the concep- 

1 In a recent paper (Comptes Rcndus de l’Acad. des Sci. Feb. 22, 1869) Millardet showed that 
fiom quickly-dried and pulverised Fucaceie an olive-green extiact is obtained by alcohol, which, 
shaken up with double its volume of benzine and then allowed to settle, produces an upper green 
layer of benzine containing the chlorophyll, while the lower alcoholic layer is yellow and contains 
pliycoxanthine. Thin sections of the thallus, completely extracted with alcohol, contain also a 
reddish-brown substance which in fresh cells adheres to the chlorophyll-grains, and can be extracted 
by cold water, more easily when the dried Fucus has been previously pulverised. Millardet calls 
this reddish-brown substance phycophieine. (Compare further the interesting treatise of Rosanoff, 
Observations sur les functions et les proprictcs des pigments de diverses Algues, in Memoires de la 
Societe des Sci. Nat. dc Cherbourg, vol. XIII. 1867 ; and Askcnasy, Hot. Zeilg. no. 47, 1869.) [See 
also Sorby, Proc. Roy. Soc. 1873, vol. XXI. pp. 445, 4^,4, 461.] 

2 [See Rostafinski, licit, z. Kenntniss dcr Tange, 1876; also bower, Quart. Journ. Mic. Sci. 
vol. 20, new scries.] 
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tacles. The oospheres are expelled, surrounded by an inner membrane of the oogonium, 
and escape through the opening of the conceptacle; the antheridia at the same time 
become detached, and collect in numbers before the mouth of the conceptacle when the 
fertile branches are lying out of the water in moist air. When they again come into 
contact with the sea-water, the antheridia open and allow the antherozoids to escape, 
the oospheres at the same time escaping from the envelope which still surrounds them, and 
which is then seen to consist of two separated layers (Fig. 185, //). The antherozoids 
collect in numbers around the oospheres, become firmly attached to them, and when 
their number is sufficiently great, their movement becomes so energetic that they impart 
to the very large oosphere a rotatory motion which lasts for about half an hour. 
Whether the antherozoids force themselves into the oosphere Thuret leaves undecided ; 
but analogy with the processes observed by Pringsheim in Vaucheria and (Edogonium 
scarcely admits of a doubt that one or several of them mingle their substance with that 
of the naked ball of protoplasm. A short time after these processes are completed, the 
tertilised oosphere surrounds itself with a cell-wall, fixes itself to some body or other, 
and begins, without any period of rest, to germinate, and, lengthening at the same time, 



'MiulMin (.iftci Thuiet). .! a bt.imhud hair bearing nntlicndia , /> antherozoids ; / an oogonium, 
(>i; after the < (intents have divided into eight f tort ions (mr.plieres), surrounded by simple hairs (/) ; // « omiuem.einent of 
the usi apt* of tin oosphere; the membrane (<i) has burst; the innei numbtam- i is ready to open (the two together 
i (institute an inner layer of the cell-wall of the oogonium) ; III oosphere surrounded by antherozoids ;//',/ germination of 
the oospore (/» x 4 {l», all the rest X 160). 


undergoes first of all a transverse division followed by numerous other divisions. The 
mass of tissue thus formed puts out from the part on which it rests a root-like hyaline 
organ of attachment, while the thick free end forms the growing apex (Fig. 185, 7T). 

There are numerous marine Algae, included in the group of PhaaosporesB, which 
resemble the Fucacea*. as well in the structure of their vegetative organs as in the 
presence of a colouring-matter mingled with their chlorophyll. To this group belong 
the often enormous Laminarieae ( Macrocystis , Laminaria , Lessonia , etc.), as also the 
smaller Ectocarpcac, Sphacelarieae, Chordarieac, and Dictyotex. 

The Phaeosporeae are reproduced non-scxually by zoogonidia, a mode of reproduc- 
tion which does not occur among the Fucacea*. In some, bodies which appear to be 
antheridia have been detected, but no oogonia l . 


1 [Goebel has observed (Hot. Zeitg. 1878) the conjugation of zoogonidia in two species of 
jcarpus : sec also llerthold, in Miltheil. d. Zuol. Slat. Neapel, II. 1881.] 
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CARPOSPORE/E. 


Under the name of Carposporex I include in a single class the Coleochactca?, 
Characeae, and Florklcse on the one hand, all of which contain chlorophyll, and on 
the other true Fungi, namely the Ascomycetes, Basidiomycetcs, and ^Kcidioniycetcs. 
The remarkable differences of their habit and mode of life offer no real obstacle to 
such an arrangement, any more than do the similar differences which exist between 
the Lemnacex and the Palms to their being both included in the class of Monocoty- 
ledons. In this case, as in that, it is the peculiarities which accompany the forma- 
tion of the reproductive organs and become especially prominent in the product of 
fertilisation that indicate the existence of a relationship between plants which are at 
first sight so different. 

All the plants belonging to this class are characterised by the formation of 
a spore-fruit ( sporocarp ) as the result of the fertilisation of the female reproductive 
organ, and differ herein from all those which have hitherto been considered. This 
spore-fruit consists, except in certain cases in which it is rudimentary, of two distinct 
parts, a fertile part, which is directly derived from the female organ and which pro- 
duces at a later period one or more commonly numerous true spores, and an 
investing part, which encloses the spores. Occasionally this fruit attains a very con- 
siderable size, as, for instance, in the Truffle: in other forms it may remain com- 
paratively small. In all cases, however, fertilisation not only causes a further 
development of the female cell, as in the Zygosporea: and Oosporeae, but certain 
processes of growth are initiated which may lead to comparatively insignificant 
results (as in Characeae), but which are usually of an extensive character, so that 
a sporocarp is produced consisting of a considerable mass of tissue. In those cases 
in which the sporocarp remains relatively small, and in which it continues to derive 
its nourishment from the parent-plant until the spores arc ripe (as in Characeai, 
Floridea;, Colcochxteai, and in some Fungi), it seems to be a mere appendage, like 
an apple on a tree : but in those cases in which it attains a considerable size, grows 
for a length of time and finally produces numerous spores, after that the parent- 
plant has decayed, an alternation of generations becomes apparent. Such is the 
case among the true Fungi, especially in the Ascomycetes. In these, the fructifica- 
tion continues to grow for some time, and presents the appearance of being a 
perfectly independent plant. In fact, it is usually but erroneously regarded as being 
the whole Fungus, whereas it is only the product of a process of sexual reproduction 
which has taken place on the vegetative body, the mycelium. In such cases the 
process of the life-history of the plant is similar to that of a Fern; the insignificant 
mycelium corresponds to the prothallium, and the well-developed sporocarp of the 
Fungus to the spore-bearing Fern. If we consider from this point of view the 
various ways in which the fruit is formed among (he Carposporex, we shall find that 
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all possible intermediate stages exist between two extreme forms, the simplest being 
that form in which the sporocarp produces only a single spore or a single mother- 
cell in which spores are formed, the most complex being that in which the sporocarp 
exists as an independent plant and produces countless spores. 

The sporocarp is derived from a female organ which we will term the C.arpo - 
gonium . It is only in the simplest case that the carpogonium is a single cell, and 
then it sometimes resembles very closely the oogonium of Class III, especially 
when, as in the Colcochseteae, fertilisation is effected by means of motile anthero- 
zoids, or when the unicellular carpogonium is fertilised by a tube growing from the 
male organ (Sordaria, Podosphcera ), just as is the case in the Saprolegniese. In the 
majority of cases, however, the carpogonium is multicellular before fertilisation, and 
its cells contribute in different ways to its further development ; some absorb the 
fertilising substance, whilst others give rise to that part of the fructification which 
produces the spores. This division of labour is very evident in the Ceramiese and 
other Floridex, as also in many Ascomycetes (e. g. Ascoholus furfuraceus). It 
occurs both in unicellular and in multicellular carpogonia that a more or less 
elongated tubular projection arises from the carpogonium, the function of which is 
the absorption of the fertilising substance. This organ, which takes no part in the 
subsequent development of the fruit, is termed the Trichogync , a name given by 
Thuret and Bornet to this organ in the Floridex. Like the style on the ovary 
of Phanerogams, the trichogyne of the Carposporese may be sometimes well- 
developed, and sometimes entirely absent. For instance, in Ch a race a; and in many 
Ascomycetes {Sordaria, Erysiphe ) it is wanting ; it is only imperfectly developed in 
Pcziza confluens , and it is well -developed in Coleochxtex and Floridcx. The male 
reproductive organ occurs in very various forms in the different groups of Carpo- 
sporeae, this variety being evidently dependent upon the varying form of the carpo- 
gonium and the habitat of the plant. In Coleochseteue and Characex only is 
fertilisation effected by motile antherozoids ; in Floridex it is effected by cells which 
are conveyed passively, and in most Fungi by tubular outgrowths. 

Should it be suggested as an argument against the existence of a relationship 
between the true Fungi and the green plants which arc included within this class, 
that the difference of habit between them is very great, it might be replied that the 
tissue of many Fungi presents striking resemblances to that of many Floridcae, The 
hyphal tissue of many gelatinous Fungi finds its analogue in the gelatinous tissue of 
many Florideae. The rows of cells too, of which the mycelial filaments (hyphx) 
of Fungi consist, differ only in habit from the branched rows of cells of which the 
thallus of many Coleochaetex and of very many Florideae consists. 

It must be remembered that, in order to detect the relationships existing 
between different groups of plants, the simplest and not the highest forms are those 
which must be compared. If this be done in this case, it becomes evident that the 
simplest Florideae are connected on the one hand with the Coleochcetcx and 
Characeae, on the other with the simplest Ascomycetes. Each of these series of 
forms, however, becomes developed into higher forms in some particular direction, 
and so if the most perfect Ascomycetes be compared with the most highly-developed 
Florid ex and Coleochxteae, only a very slight similarity between them will be 
detected. 
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FORMS CONTAINING CHLOROPHYLL. 


These are all submerged water-plants, the vegetative and reproductive organs 
of which have a well-marked tendency to clothe themselves with a peculiar cortex. 
This is especially remarkable in the genus Chara , and it will be described in detail 
hereafter when that genus is under consideration. It is also very evident in the 
Ceram iaccaj, and but rudimentary in the Coleochaetete, where it is confined to the 
fruit. Side by side with forms possessing this cortex, there are others, very nearly 
related, which do not possess it. 

In all the plants belonging to this group the fryit is small in proportion to the 
thallus which bears it, and the alternation of generations which finds its expression 

in the formation of the fruit is therefore 



Jl a pit‘i e of a similar <1 im ; tin. letters ii'i; imlliatu the suc- 
cessive dichotomous br.iiK hint's of the luminal cells (aftci 
Pringshcun). 


not very clearly marked. 


A. Thk Colkoch/tctka:. 

The carpogonium is unicellular with a long 
trichogyne opening at its apex. Fertilisation 
is effected by antherozoids which arc formed 
either in special small branches or in the cells 
of a filament which have undergone division. 
In the basal portion of the fertilised carpogo- 
ninm there is a cell which grows considerably, 
and becomes invested by outgrowths derived 
from neighbouring cells. In the next period 
of vegetation it gives rise to numerous carpo- 
spores in the form of zoospores. 

The Coleochatea: 1 arc small (about 1-2 
mm.) fresh- water Alga-, of a bright green 
colour and constructed of branched rows of 
cells, attached in standing or slowly-running 
water to the submerged parts of other plants 
(e.g. Equhetum), and forming circular closely- 
attached or cushion-like discs. Their chloro- 
phyll assumes the form of parietal plates or 
of large granules. The name of the genus 
Goleochmte (sheath-hair) is due to the circum- 
stance that certain cells of the thallus bear 
lateral colourless bristles fixed in narrow 
sheaths (Fig. 186, A, h). If the phenomena 
of growth of the different species are com- 
pared, two extreme cases are seen, connected 
by transitional forms. The one extreme is 
formed by C. drvergens, which, as it developes 
from the spore, produces first of all creeping 


irregularly-branched articulated threads; from these spring ascending articulated 
branches which are also irregularly branched ; the whole thallus does not assume 


any definite form. In C. puMnata , on the contrary, the thallus forms a hemi- 


1 Pringsheim in Jalirhuch fiir wissenscliaftliche Potanik, vol. II. p. 1. 
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spherical cushion; the cellular filaments which are the result of germination branch 
somewhat irregularly in one plane, but form something like a disc; from them rise 
up ascending articulated branches, which again branch and form the cushion. In the 
following species no ascending branches are formed, but those which cling to their 
support form a more or less regular disc. In C. irregularis this takes place by irregular 
ramifications which lie in one plane gradually filling up all the interstices, till an almost 
uninterrupted layer of cells is obtained. In C. soluta (Fig. 186), on the other hand, 
a dichotomous ramification commences in the two first daughter-cells of the germinating 
spore, with corresponding cell-division of such a nature that even at a very early 
period a, closed disc of radial forked branches is formed, which either lie loosely or are 
closely crowded side by side. While in the species already named the branches arise 
laterally from cells, but never from the terminal cell of a branch, in C. soluta we have the 
first instance of dichotomy as well as regular disc-shaped centrifugal growth, a condition 
which attains the highest development in C. seutata . In this species the cells which 
result from germination remain from the first united laterally and do not form isolated 
branches ; the circular disc, when once formed, continues to grow by increase of its 
circumference, the marginal cells dividing by radial and tangential walls. This mode 
of growth may be explained in this way, that the first branches are united laterally 
and grow with equal rapidity in a radial direction, and then become divided by septa 
(in this case tangential); while the broadening of the terminal cell of each radial row 
corresponds with the succeeding radial division of a dichotomy. The law which prevails 
in the species previously mentioned, that only the terminal cell of a branch is divided by 
transverse septa, is exemplified in C. seutata by the marginal cells only of the disc being 
divided by tangential walls. 

The Reproduction of the Coleochaeteai is brought about by asexual zoogonidia and 
by resting oospores produced sexually. The oospores do not at once produce new 
plants, but several zoospores ; and the following alternation of generations takes 
place: —The zoospores, which arise in the early part of the year at the commence- 
ment of vegetation from a sporocarp of the previous year, produce only asexual 
plants, or, in other words, only such as can form zoogonidia. Only after a scries of 
asexual generations varying in length does a sexual generation arise, which may be 
either monoecious or dimeious according to the species. Fertilisation produces one 
oospore in the carpogonia, which clothe themselves with a peculiar layer of cortical 
cells ; and this oospore itself again developes into a parenchymatous reproductive 
body, from the cells of which the zoospores proceed in the next period of vegetation 
(Pringsheim). The zoogonidia (Fig. 187, J)) may arise in all the vegetative cells of the 
Coleochacteac ; in C. pulinnata especially from the terminal cells of the branches ; they 
rtVe always formed from the entire contents of the mother-cell, and escape through 
a round hole in its cell-wall. 

T he carpogonium is always the terminal cell of a branch, and hence in C. seutata 
the terminal-cell of a radial row (Niigeli). The peculiar mode of its development is 
subject, according to the growth of the plant, to some, though subordinate, modifi- 
cations. One species, C. pulvinata (Fig. j 87 ), may first of all be examined somewhat 
more closely. The terminal cell of a branch swells up and at the same time elongates 
into a narrow sac (Fig. 1 87, og , to the left), which then opens ( og ", to the right) and 
exudes a colourless mucilage. The protoplasm of the swollen part, which contains 
chlorophyll, forms the oospherc in which a nucleus is visible. The anthcridia are formed 
at the same time in adjoining cells, two or three protuberances (^, an) growing out, 
which become separated by septa ; each of the cells thus formed, which have somewhat 
the shape of a flask, is an anthcridium ; its entire contents form an antherozoid (*) of 
oval shape with two cilia which is endowed with motion like a zoogonidium ; its entrance 
into the oogonium has not yet been observed. The eflect of fertilisation is seen in 
that the contents of the carpogonium become surrounded with a proper membrane and 
form the oospore. This now grows considerably, and at the same time the formation of 
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the cortical layer (r) of the carpcgonium commences ; out of the cells that support it 
proceed branches (A y og") which cling closely to it. These again form branches which 
also cling closely and divide transversely ; the branchlets of other branches also ramify 
( B ) ; and only the neck of the carpogonium does not become covered with the cortical 
layer. All this happens between May and July; later, the contents of the remaining cells 
of the plant disappear, and the walls of the cortical layer of the carpogonium assume 
a deep dark-brown colour. The further development of the oospore within the carpo- 
gonium now covered with its cortical layer begins only in the next spring; a paren- 
chymatous tissue is formed by successive bipartitions; the cortical layer splits and is 



T' if.. 187 — A nt fc*» t il« Ih.ilUis i»l t »»/cv* Jurtt fuh’itiatti (X iy>) ; li iij.it « .irjmjjnmnm emitted in it*, corln.il layer; 
•rminjtinu sp^rucaip, in tin o IK 0} wlmli ihi /oosjioros arc formed , 1 ) »orc>. !/>’*-/> x after l’nnushehn) 

thrown off (Fig. 187, C ) ; and from each cell arises a zoospore, and from this again an 
asexual plant. C. scutata (the most abnormal species) deviates from these processes 
only so far that in it the earpogonia provided with their cortical layer lie on the surface 
of the disc, and the antheridia arc the result of divisions of disc-cells into fours. 

Pringshcim (he. rit.) has already pointed out various relationships existing between 
the Coleochadcac, the Florideae, and the Characcae. 

B. The Floridete. 

The carpogonium is cither unicellular or composed of several cells, and it is provided 
with a permanently-closed trichogyne. Tf the carpogonium is multicellular, the tri- 
chogync is borne by a lateral row of cells, which is termed the trichophore. Fertilisation 
is effected by non-molile rounded antherozoids which become attached to the trichogyne. 
As a consequence of fertilisation the basal portion of the carpogonium, which docs not 
form the trichophore, forms a great number of spores by budding, each spore being the 
terminal cell of a short branch. T he mass of spores is usually surrounded by an invest- 
ment and thus a cystocarp is formed. 

The Florideae 1 are a group of Algae of extraordinarily variable form, belonging, 

• 

1 Niigeli uml Cramer, Fflanzcnphys. Untcrs. Zurich, Heft 1 . 1855; Uefl TV. 1857. — Thurct, 
Ann. des Sci. Nat. 1855, Kechcrches sur la feconriation, &c . — Piiugshcim, Ueher die Bcfruchtg. u. 
Kcimung tier Algcn, Berlin 1S55. — [Quait. Joum. Micr. Sc. 1856, vol. IV. pp. 63, 124.] — Nageli, 


CARPOSPORFJE. 489 

with few exceptions ( Ratrachospermum , Iiildenbrandtia 1 ) , to the sea. In the normal 
condition they are of a red or violet colour; the green colour of their chlorophyll is 
concealed by a red pigment 2 , soluble in cold water. 

The Thallus of the Floricleae consists, in the simplest forms, of branched rows of cells, 
which elongate by apical growth and transverse division of their apical cell. An appa- 
rent formation of tissue occurs in many Ceramiaceae (C. Cramer, Physiolog. u. system. 
Untersuch. iiber die Ceramiaceen, Zurich, 1 863) from the branches growing closely 
adpressed to their mother-axes, and thus surrounding them with a cortex, reminding one 
of the formation of the cortex in Cbara. In other Floritlea: the thallus is a flat expan- 
sion of cells, but often consisting of several layers ; in some (as Hypoglossum and Deles- 
serin) it assumes the contour of stalked leaves, even the venation being represented ; in 
others (e.g. Sphivrococcus and Gelidium) it consists of filiform or narrow strap-shaped 
masses of tissue, which ramify copiously ( e.g . Plocamium , &c.). In all these cases Nagcli 
asserts (Ncucre Algensysteme, p. 248) that apical growth takes place from an apical cell 
(in Peissomel'tn possibly from several). In the simpler forms the segments of the apical 
cell are formed in one row by transverse divisions, in others in two or three rows by 
oblique walls. One group which comprises a large number of species, the Melobcsiacc ar. 
(RosanofT, Mem. de la Soc. Imp. des Sci. Nat. de Cherbourg, vol. XII. 1866), forms di:c- 
likc* thallomes, which grow centrifugally at the circumference and are closely attacl ed 
to the substance on which they grow, which generally consists of larger Alga: ; they 
resemble Colcocbnte scutata in their size and mode of life, but their thallome generally 
consists of several layers, and the cell-wall is encrusted with lime. 

The asexual organs of reproduction are gonidia: since four are usually formed in 
a mother-cell, they are termed Tetragonidia, but sometimes only one, or two, or eight 
are formed. They do not occur in the Nemaliea*. When the thallus consists of rows of 
cells, the tetragonidia are produced in the apical cell of lateral branches ; in the rest (with 
the exception of the Phyllophoracea*., .according to Niigeli) they lie imbedded in the tissue 
of the thallome, often in branches of peculiar shape, in great numbers. 

The sexual organs', antheiidia and carpogonia, are produced on other plants of the 
same species; the sexual plants are frequently dioecious. * 

Sitzungsb. der k. bnyer. Aknd. der Wissen.-— Hornet and Thuret, Ann des Sci. Nat. t Mh scries, 
vol. Y 1 I. 1 867.— Solms-Laubaeh, Hot. Zcilg. nos. 2T, 22, 1867. [See also Agaidh, Floi ideernes 
Moiphologic. 1880; Kny, Ueb. Axillarknospcn bci Florideen, 1873; Thuret, Eludes phycologiques, 
1S7S; Hornet et Thuret, Notes Algologiques, 1876-80; Jane/ewski, I.e developpcment des cysto- 
eaipes dans les Floridees, Cherbourg, 1876; Hcrthold, Zur Kennl. d. Hangiaceen (Mitlh. d. Zool. 
Slat. z. NVapel, 1 880^ ; Solms-Laubaeh, Coiallinccn (Fauna u. Flora d. Golfcs von Neapel, 1881).] 

1 [Also Lcmaneacciv, Sirodol, Ann. des Sci. Nat. 5II1 ser. 1872, vol. XVI, and Jiangia.'] 

8 Kosan off extracted the red colouiing matter by cold water, and examined it accurately. Tn 
transmitted light it is canninc-red, in reflected reddish-yellow ; the grains of chlorophyll also show 
this fluorescence, and when the red colouiing matter (the phycoeiytlnine) has escaped from them in 
consequence of injury to the cells they are green; the whole plant also remains green when the nil 
colouring matter has been extracted by watei or destroyed by heat. (RosanofT in Compt. Rend. 
Apiil 9, 1866.) Hesides the chlorophyll-gianules coloured red by phycoerythrine, Cohn found in 
Hornetia colouiless crystalloids of an albuminous substance which are coloured a beautiful red by the 
colouring matlcr that escapes from the chlorophyll-granules when the cells are injured or killed. 
(Sehultze’s Arch, fiir mikr. Anat. 111 . p. 24.) Cramer had previously observed crystalloids of this 
kind in Hornetia which had been preserved in a solution of sodium chloiide, and had .accurately 
described them; accoiding to him they arc partly hexagonal, partly octahedral (Rhodospcnnin). 
(Yierteljahrschr. der naturf. Ges. in Zurich, vol. VTI.) Julius Klein (Flora, no. n, 1871) found 
colourless crystalloids in Griffithria barhata and neapolitana, Gongoceras pcllucidum , and Callithamnion 
seminudum; and stales that the red crystalloids which are also found outside the cell-cavity only 
appear after treatment with sodium chloiide, alcohol, or glycerine, since their colourless maliix takes 
up the diffusible red colouring matter of the Florideic. On Phycoerythrine see Askcnasy, Hot. Zeitg. 
tx>. 30, 1867. [Sorby, Monthly Mic. Journ. vol. VI. 1871, p. 124. Van Tieghem has detected starch 
m the Floiidcse, Compt. Rend. 1865.] 
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The Antheridia are either single cells at the end of long articulated branches, when, 
as in Batracbospermum , each produces only one antherozoid, or the mother-cells of the 
antherozoids are congregated together in large numbers on a common axis as the 
terminal members of a very short branching-system (as in Ceramiaccae). In Nitopbyllum 
they densely cover certain portions of the surface of the thallus which consists of a single 
layer of cells; in the Melobesiaceac they are produced in cavities which are formed by 
the overarching of the surrounding tissue. The roundish antherozoids have no cilia and 
do not swarm, but are moved along passively by the water; some of them are thus 
brought into contact with the trichogyne; they adhere to it, and, in consequence of 
the absorption of the cell-walls at the points of contact, their contents pass into it. 
The trichogyne remains otherwise permanently closed. 

According to the structure of the Carpogonium , three types may be distinguished : 

(i) In the Nemalica*, to which Batracbospermum belongs 1 , the entire female organ 
consists, as in the Coleochaetex, of a single cell, which is prolonged upwards into a 



lie. t mult t (id mu . /a hr.mrh with i nrpoi'nimini < anil antlnru/uids ; //, 

III tommem ement of the fotmation of tin sjMtrocarp ; //', / ' development of tJio chisli-r of 
< at|)<iS|>niL‘s; t th< tnUiotfyne ; c the rarpoipmium or *.pnror..irp (iftcr Thuret ami Hornet) 


trichogyne (Fig. 188, I, /). After fertilisation the basal portion of the carpogonium 
becomes multicellular in consequence of divisions having taken place (Fig. 188, II, c ). 
The cells thus formed bulge outwards and give rise to a dense aggregation of short 
branches ( IV , V % c), the terminal segments of which are the carpospores. This simple 
sporocarp acquires in Batracbospermum a loose investment by the outgrowth of pro- 
longations from the cells beneath the carpogonium. 

(2) In the Ceramieac, Spermothamniex, Wrangcliex, &t\, the carpogonium is a 
multicellular structure before fertilisation, which has arisen from the terminal cell of 
a short branch. A lateral row of the cells bears the trichogyne, and is termed the tri- 
chophore (Fig. 189, A,/). 7 'his structure undergoes no further developement after the 
carpogonium has been fertilised. Certain other cells, however, lying in the neighbour- 

1 As to Lemanea , which probably belongs to this group, see Sirodot, Ann. des Sci. Nat. 

B sc*rie, vol. XVI. 1872. [Sirodot (Compt. Rend., 1873 and 1880) has found that the spores of 
1 um produce a Chantransia from which again the Batrachospermnm is developed.] 
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1 '!(». 189 . — Herfiothatnnton hmnaf>hr<ulttH>n . I a branch with a car polonium ./and an autlieridiuin an. 

Ji the mature ♦ ystoc.irp after fertilisation (after Nay eh). 

(Fig. 190) the carpogonium is also iiuilticellular, and it is from its central cell that the 
spores are developed, whilst the outer cells grow out into filaments forming a closed 


FIG. 190. —I.cjolisia merftterranea (after Bomet, X about 150). A a small piece of a creeping filament with a root hair ami 
an upright branch, its lowest cell bearing a branchlet with tetragonidia (tf). A a sexual (monoecious) plant ; 7 U a root-hair of 
the creeping atom, its apical cell situated at s, and its upright branches bearing the sexual organs ; a a anthernlla, the axial 
row of cells being however not indicated; tji trUhoyyue by the side of the apex t of the fcrtili branch; h the envelope 
of the cystocarp ; sf a spore escaped from the cystocarp ; C un empty cystocarp, its envelope t (insisting of rows of cells. 
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investment, which subsequently opens at the apex. The trichogyne and the triehophore 
can be observed lying externally to it (Fig. 190, tg). It is evident from these examples 
that neither the trichogyne nor even the cells of the triehophore undergo any further 
development as a consequence of fertilisation, but that it is in cells adjacent to them that 
the consequences of fertilisation are manifested, in their growth, branching, division, and 
final formation of spores. The formation of an investment is also a consequence of 
fertilisation. The fruits of Floridcar are usually termed Cystocarps . 

(3) The most complicated and most extraordinary process of fertilisation was found 
to occur by Thuret and Bornet in the genus Dudresnaya . Here the cystocarps are 

formed upon branches other than those which hear the triehophore. After that the 
long trichogyne, which is coiled at its base, has been fertilised, tubular branches spring 
from beneath it, which grow towards the true fertile carpogonial branches. Each of 
these latter has a spherical apical cell to which the outgrowth from the triehophore applies 
itself, and at the point of contact the cell- walls become absorbed. The apical cell of the 
carpogonial branch which has thus been fertilised becomes distended and filled with 
protoplasm; it becomes isolated by the formation of cell-walls, and then gives rise to the 
/ cystoearp. These tubular outgrowths convey the fertilising effect from a_ single 
trichogjne to numerous carpogonial branches, and thus one act of fertilisation suffices 
for the developement of several cystocarps on different branches 1 . 

C. Tuk Char. UK a,*. 

The carpogoninm consists of one relatively large cell and several smaller ones. The 
latter are known as 1 Wendnngszellcn,’ and probably represent a very rudimentary 
triehophore, the trichogyne of which is undeveloped. Fertilisation is effected by means 
of filiform antherozoids which are formed in very remarkable antheridia. The carpogo- 
nium is invested before fertilisation by five spirally-wound cells which arise from its 
stalk-cell. As a consequence of fertilisation the large cell of the carpogoninm becomes 
a resting spore, producing, by its germination, a pro-embryo from which the sexual 
plant springs as a lateral shoot. No gonidia are formed. 

The Characca: are submerged aquatic plants, rooting in the ground and growing 
erect, attaining a height of from metre to a metre, and containing abundance 
of chlorophyll. They are very slender, forming stems and leaves only £ to 2 mm. 
in thickness. With an alga-like habit, they possess a delicate structure, though some- 
times attaining greater firmness from the deposition of lime on their surface. They 
live gregariously, mostly in crowded tufts, at the bottom of fresh-water ponds, ditches, 
and streams; they may grow in deep or in shallow, in stagnant or in quickly-flowing 
water; and are cither annual or perennial. 

In the greater number of species, which are distributed over all quarters of the 
globe, there prevails nevertheless so great a uniformity that they may all he arranged 
into two genera. 

1 [This mode of fertilisation has been detected by Thuret and Hornet in Polyides rotundus , also 
by Iterlhold in Ihtlymenia Flore si a and uivniden, Nemastoma dichotoma and cervicnrnh , (Irateloupia 
Con send ni i, Jiltci n a , and dichotoma, and by Schmitz in the Squatnaiicie : see Falkenberg, Die Algen, 

1881.] 

A. Braun, Ucbcrdic Richtungsverhaltnissc dcr Saftstrdme in den Zcllcn der Charen, in Mount s- 
berichte dcr Berliner Akad. dcr Wiss. 1852 and 1853. — I'ringshcim, Uebor die nacklfiissigen Vorkeime 
der Charen, in Jahrb. f. wissen. Hot. 1864, vol. ill. — Nagel i. Die Kolalionsstrdmung der Charen, in 
his Beitriigcn zur wissen. Hoi i860, vol. II. p. 61.— Thuret, Sur les antheridies des cryplogames, 
Ann. des Sci. Nat. 1851, vol. XVI. p. 19.— Montagne, Multiplication des char agues par division, 
ditto, 1852, vol. XVIII, p. 65.— (Jdppcrt u. Cohn, Ucber die Rotation in Nitella Jhxilis, Hot. Zeitg. 
1849. — Do Bary, Ueber die Befiuchtung der Charen, Monatsber. der Berliner Akad. May 1871. 

1 For additional Bibliography, see Bindley, Vegetable Kingdom, 3rd edit. p. 28: also Journal of 
Botany, 1878.] 
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From the carposporc of the fruit of Chara 1 the sexual leaf-forming plant is not 
immediately developed, but a Pro-embryo precedes it, which attains only small dimen- 
sions and consists of a single row of cells with limited apical growth. The stem of 
the Leaf-bearing Sexual Plant springs from a cell which lies at some distance from 
the apex of the pro-embryo and grows in a direction nearly at right angles to that of 
its axis. The unlimited apical growth of the plant depends on an apical cell (Fig. 192, 
( 7 , t) from which segments are cut oif by transverse septa. Each segment immediately 
divides again by a transverse septum into two superposed 


cells, the lower one of which (g) always grows without 
further division into a long internodc (frequently 5 to 6 cm, 
in length); the upper one scarcely lengthens, but is first 
divided in half by a Vertical wall, and each half then 
divides by further successive septa so as to form a whorl 
of peripheral cells ( b ). From the node thus constituted 
the leaves are developed, each from a peripheral cell, 
and the normal lateral branches, which always originate 
from the axil of the first or of the two first leaves of 
the whorl. The leaves of such a whorl, from «| to 10 
in number, repeat in a modified manner the develop- 
ment of the stem, but their apical growth is limited: 
after the formation of a definite number of segments, 
the apical cell ceases to divide and grows into the 
terminal cell of the leaf which is usually pointed (Fig. 
192,^, fj‘). From these leaves lateral leaflets may arise in 
a similar manner to that in which the leaves themsehes 
have been formed from the stem ; and the leaflets may 
again in turn produce others of a higher order. The 
successive whorls of a stem alternate, and in such a 
manner that the oldest leaves of the whorl, in the axils 
of which the branches stand, are arranged on a spiral 
line winding round the stem. Each internodc also 
usually undergoes a subsequent torsion in the same 
direction. The lateral branches, of which in Chara one 
is always developed in the axil of the oldest, in Nitella 
one in the axil of each of the two oldest leaves of the 
whorl, repeat the primary stem in all respects (Fig. 
203). .U has already been mentioned that the leaves 
undergo a segmentation similar to that of the stem; they 



also consist at first of very short internodes which are 
afterwards greatly elongated (Fig. 192, B, -y), and arc 
separated by inconspicuous transverse plates or nodes. 
From these the leaflets arise in whorls the members of 
which are formed in succession, but they arc directly 


ri<«. Jyi . — ( htira jtti ;tli\ , \f> 
liHf spun*, 1 ti q ft loyrthtr fotui lilt* pu>- 
embryo {// is setfimnitc.il, wlm Is is iv»t 
< 1 early imhcati'd hi the drawing) ; at *1 are 
the rhi/mds iv , 7 o' the so 1 ailed primaiy 
rout ; 4* the lirst leaves (not a whorl) of the 
scLond ^eneiation or leaf-bearing plant 
(after l’liugsheiiii, X about 4). 


superposed one above another,, and do not alternate 


like the whorls of primary leaves (Fig. 193, C-J5, ft). Each leaf begins with a node 
(the basal node), by which it is united with the stem-node, and so is each leaflet 
with its primary leaf. These basal nodes are the points of origin of the formation 
of the cortex which, in the genus Chara , covers the internodes of the stem, but 


1 This has not yet been observed in Nitella. [See Dc llary, Zur Keimungsgeschichte der 
tliarcn, Hot. Zeitg. 1S75. The carposporc is first divided by a wall at right angles to its long axis 
into a small upper and a large lower cell. The upper cell is then divided by a wall at right angles 
l<> the first into two equal cells; from one of these the pro-embryo is developed, from the otliei the 
* primary root.’] 
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is wanting in Nitella . From the basal node of each leaf one distinct cortical lobe* 
runs downwards, and one upwards 1 (Fig. 192, r, r, r", and Fig. 194). In the 
middle of each internode therefore as many descending cortical lobes as there are 







leaves in the whorl meet with the cortical lobes that ascend from the whorl next 
below. The number of the latter is, however, smaller, because* the leaf in the axil 


■'K *r\ 






Fir, ro ^ - ■ Lrav es of Cha> a ft (u> r fh\ ; a termm il cull. b penultimate cell of ;i leaf ; z intcrnodal cell ; z v cells o( the leaf* 
unde jy' mol h< r-it.ll of .i lc.tfl._t and of its basal node: from u arise 7> .uid u (the li rutm^ cell), bi the basal node which 
produces four simple < ortn a] lobes and /3 the leaflet, .,/ and ( in lompt udin.il section, Ji an entire young leaf, external 
view, with the ' stipule’ r and its desc ending i oitu al lobe s> . P external view of the middle part of an older leaf, though 
Mill young; h transverse section of a leaf-node , of the same ag< as /> 

of which the lateral branch arises docs not form an ascending lobe. The cortical 
lobes are in close contact laterally, and form a closed envelope round the inter- 


1 The first intemode of every branch and leaf becomes covered wilJi a cortex derived only fiom 
the descending cortical lobes of the next node above. 
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node, the ascending and descending lobes dove-tailing in a prosen chymatous manner. 
The formation of the cortex takes place so early that the elongating internode is 
covered by it from the first, the lobes keeping pace with its extension in length and 
thickness. Each lobe continues to grow, like the stem, by means of an apical cell, which 
becomes segmented by transverse septa ; out of each of the segments cortical internodal 
and nodal cells arc formed by repeated divisions. The latter divide, by successive septa, 
into an inner cell (Fig. 194,/), c), in contact with the internode of the stem, and three 
outer cells, the middle one (/) of which commonly grows into the form of a spine or 
knob, resembling a leaf. The outer lateral cells (n n ) of the cortical node, on the other 
hand, following the elongation of the internode itself, grow into longer tubes, so that 
each cortical lobe consists of three parallel rows of cells, the middle row however 
containing alternately short and long (internodal and nodal) cells. The cortex of the 
leaves is derived from the leaflets, and its formation is much simpler (Fig. 193, C-F, hr ). 
From the basal nodes of Chara other foliar structures also arise, both on the inner and 
outer side of the base of the leaf (Fig. 192, 5 ), which Braun calls Stipules ; they are 
always unicellular, and are sometimes very short, sometimes elongated. 

The nodes are the parts from which all the lateral members of the Characear. 
originate. The root-like structures or Rhizoids spring from the outer cells of the 



nr. T94.— Developin' nt tif the coitc\ of the stem of Chara rnn>th\; .-/ a very ytnmi' int« rnrule of the stem with the 
cnrtii .il lobes t still LonOslin^ of one tell ; A *— P its further development ; r r Minifies in all the figures the cortical lobes 
that as 1 end from the lower, r r r' those that descend from the upper le m-s ; ?• v the .tpu il < ell ol eat h i ortit al lobe ; # e its 
internodal cells ; n nt tt tln s commencement of tin formation ol the mule ; /> e the central cell of a cortical node ; A signifies 
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lower nodes of the primary shoot, and consist of long hyaline tubes growing obliquely 
downwards, and elongating only at their apex. They arc formed by the outgrowth 
of flat cells at the circumference of the node, and arc therefore attached to it by 
a broad base; but the bases of the stouter rhizoids themselves divide still further, 
giving rise, especially at the upper margin, to small flat cells from which slender 
rhizoids arc developed. The rhizoids are segmented by only a few septa which lie 
far behind the growing apex, and have at first an oblique position. The two ad- 
joining cells abut upon one another like two human feet placed sole to sole. The 
branching always proceeds only from the lower end of the upper cell (Fig. 195, li ) ; 
a swelling is here formed which becomes cut off by a wall, and by further division 
produces several cells which grow into branches; these therefore stand on one side 
like a tuft. The tubular cells composing the rhizoids attain a length of from several 
millimetres to more than two centimetres, with a thickness of from to fa mm. 

The Vegetative Reproduction of Characeac always proceeds at the nodes, and has 
three modifications: — (i) Tuberous formations called Bulbils (starch-stars) which occur 
in Chara stelligera . They are isolated underground nodes with greally abbreviated 
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whorls of leaves of beautiful regularity; their cells are densely filled with starch 
and other formative materials ; new plants are produced from shoots laterally 
developed. (2) The Branches with naked base of Pringsheim. These are formed 
on old nodes which have survived the winter or on cut nodes of Chara in the 
axils not only of the oldest but also of the younger leaves of a whorl, and are in 
fact only slightly different from the normal branches, the greatest difference being in 
the partial or entire absence of a cortex on the lower internode and on the first 
whorl of leaves. The cortical lobes which descend from the first node of the branch 
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often become detached from the internode and grow free, curling upwards, while the 
leaves of the lowermost whorl often do not form nodes. (3) The Pro-embryonic 
Branches . These spring, together with the last, from the nodes of the stem, but 
are essentially different from the branches, and have a similar structure to the pro- 
embryos which proceed from the spores. Like the last, they have only been observed 
in Chara fragilis (by Pringsheim). A cell of the node protrudes and grows into a 
tube, and its apex becomes separated by a septum. In this growing terminal cell 
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further divisions take place, till the ‘ apex of the pro-embryo ’ which proceeds from 
it consists of a row of from three to six cells. Beneath the apex of the pro-embryo 
(Fig. 196, C, a , b) the tube swells, and the distended part becomes separated by 
a septum as a cell, which Pringsheim calls the ‘bud-rudiment,’ (Fig. 196, C, including 
the parts from v to d). This cell is now divided by two oblique walls into three 
cells, the middle one of which ( q ) lengthens into a tube (like an internode), while the 
upper and lower ones remain short. Out of the lower cell is afterwards formed a 
root-producing leafless node (Fig. 196,//, and Fig. 191,^/), while the upper one, which 
lies between the apex of the pro-embryo a b and the elongated cell q becomes the 
axis of the new generation. It becomes arched on one side outwards, and divides in 
succession into the cells 7, 77, 111, and i>. Each of the cells 7, 77, and 7/7 becomes 
transformed by divisions into a disc of cells or transitional node, three of which thus 
stand over one another with- 
out intermediate internodes. 

Their lateral cells grow right 
and left, and form imperfect 
leaves of different lengths. The 
cell which lies outermost (Fig. 

196 , C, v) now begins to un- 
dergo a series of divisions, 
corresponding to those of a 
normal leaf-bearing shoot. It 
is, in fact, the apical cell of 


embryo. The displacement 
indicated in Fig. 196 , C, sub- 
sequently causes the apex of 
the pro-embryo to be pushed 
to one side; and since this 
apex has the appearance of a 
simple leaf uncovered by cor- 
tex, the further development 
of the lateral leaves which 
spring from the cells 7, 77, 
and 777, brings about an ap- 
pearance as if these different 

1 together formed a whorl ; 

and the bud of the lateral 
shoot thus comes to stand 
apparently in the centre of 
this pseudo-whorl (Fig. 196, 

A). If the structure which 
springs from the germinating spore is now compared with the pro-embryonic branch, 
the perfect homology cannot fail to be observed which Pringsheim pointed out in 
the parts that will be found indicated by the same letters in Figs. 19 1 and 196; 
but the pro-embryo of the spore has in addition a small node at the opening of the 
spore from which a rhizoid, sometimes called the primary root of Chara , springs 
(Fig. 191 , * u). 

The Antheridia and Carpogonia are always borne by the leaves. An antheridium 
is in all cases the metamorphosed terminal segment of a leaf or of a leaflet, and the 
carpogonium, in the monoecious species, arises close beside the antheridium from the 
basal node of the same leaflet (Chara) or from the last node of the leaf bearing a 
terminal antheridium (Nit el l a) ; hence in the monoecious Nitella* the carpogonia are 
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placed below, in the Charge above or by the side of the antheridium. In the dioecious 
species of course no such relation of position can exist, but the morphological signi* 
ficance of these organs and the place of their origin are the same. We will now 
consider the structure of these organs when they are fully developed. 

The Antheridia (Globules) are globular bodies J to r mm. in diameter, at first green, 
then red. The wall consists of eight Hat cells, four of which, situated around the distal 
pole of the ball, are triangular, while the four situated around the base are quad- 
rangular and become narrower below; each of these cells forms a segment of the 
shell of the ball, and are called Shields . When unripe their inner cell-wall is covered 
with green chlorophyll-granules, which, in the ripe state, are of a red colour. Since 
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the outer wall is destitute of these granules, the outside of the ball appears clear 
and transparent (Fig. 197, A). From the lateral walls several folds of the cell-wall 
penetrate towards the middle of each shield, which gives them the appearance of being 
lobed in a radiate mimncr. From the middle of the inner face of each shield a cylin- 
drical cell projects inwards, nearly to the centre of the hollow globule; this cell 
is called the Manubrium ; at the central end of each of the eight manubria is a 
roundish hyaline cell, the Capitulum. The flask -shaped cell which supports the anthcri- 
clium also penetrates into the interior between the four lower shields; and these twenty- 
five cells form the framework of the antheridium. Each capitulum bears usually 
six smaller cells (secondary c apitula), and from each of these grow four long slender 
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whip-shaped filaments, which, being coiled round and round, fill up the interior of the 
globule (Fig. 198, B). Each of these filaments (the number of which amounts to about 
200) consists of a row of small disc-shaped cells (Fig. 198, D, E, F), numbering from 
100 to 200. In each of these 20,000 to 40,000 cells is formed an antherozoid, a slender 
spiral thread, thickened behind, and bearing at its pointed end two long fine cilia 
(Fig. 198, G). When perfectly ripe, the eight shields fall apart, their spherical 
curvature becoming diminished; the antherozoids leave their mother-cells and move 
about in the water. This breaking up appears generally to happen in the morning, 
and the antherozoids are in motion for some hours, till evening. 

The mature Carpogonium (Nucule), when ready for fertilisation, is a longer or 
shorter prolate spheroid; it is placed upon a short pedicel, visible externally only in 
Nitella, and consists of an axial row of cells, closely surrounded by five tubular cells 
which are coiled round it spirally. The whole must be considered as a metamorphosed 
branch. The lowest cell corresponds to the lower internode of a branch ; it bears a 
short central nodal cell, around which the five enveloping tubes spring like a whorl of 
leaves. Above the nodal cell rises the peculiarly developed apical cell of the branch, very 
large as compared to the other parts, and ovoid. At its base, immediately above the 
nodal cell, an inconspicuous hyaline cell is separated at an early stage in Chara ; in Nitella 
a somewhat disc-shaped group of similar cells takes its place, which have been termed 
by Braun * Wendungszellen,* and which 1 consider as forming a very rudimentary 
trichophorc. The large apical cell of the carpogoniuin is filled with a number of 
drops of oil and grains of starch as well as with protoplasm ; it contains pure hyaline 
protoplasm only in its apical region (the apical papilla). The enveloping tubes, which 
contain a quantity of chlorophyll, project above the apical papilla and bear the Crown , 
consisting in Chara of five larger, in Nitella of five pairs of smaller cells, which have 
already been separated at an early stage from the enveloping tubes by septa. Above the 
apical papilla and beneath the crown, which forms a compact lid, the five enveloping 
tubes form the neck which encloses a narrow cavity, the apical cavity ; above the 
papilla this cavity is of an obconical figure narrowing upwards, the five segments 
of the neck projecting and forming a kind of diaphragm, through the central very 
narrow opening of which the union with the upper roomy part of the apical cavity 
is effected. This is closed above by the crown ; but, at the time of fertilisation, it opens 
externally by five clefts between the coronal cells ; and through these clefts the anthcr- 
ozoids penetrate into the apical space filled with hyaline mucilage, to find their way into 
the apical papilla of the oosphere, where the cell- wall is apparently absent. After 
fertilisation the chlorophyll-granules of the envelope become reddish-yellow, the wall of 
the tubes which lie next the oosphere increases in thickness, becomes lignified, and 
assumes a black colour; and thus the oosphere. now transformed into a carpospore, 
becomes surrounded by a hard black shell with which it falls off, to germinate in the 
next autumn or spring. 

With regard to the various processes of development, I will here describe only those 
of the anthcridia and carpogonia- 

Antheridia . The order of development of the cells has already been exhaustively 
described by A. Braun in the case of Nitella syneaipa and Chara Baueri ; it agrees with 
that of Nitella Jlexilis and Chara fragilis. In Nitella the terminal cell of the leaf becomes 
the antheridium ; the oldest leaf of a whorl first forms its antheridium, the other? follow 
according to their age ; the antheridia are recognisable even in the earliest state of 
the whorl of leaves. In Fig. 200, A, is shown a longitudinal section through the apex 
of a branch, t being its apical cell ; its last-formed segment has already been divided 
by a septum into a nodal mother-cell K and an internodal cell lying beneath it ; beneath 
this lies the node with the last whorl of leaves; h is its youngest leaf, IK the basal node 
of the oldest leaf which already consists of the segments /, II, III ; a is the terminal cell 
of this leaf which is becoming transformed into the antheridium. While the antheridium 
is becoming developed, the leaf also undergoes still further changes which must be first 
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considered. The segment 111 becomes the first internode of the leaf, //becomes a node 
from which are developed the lateral leaflets nb in C and Z). The cell I divides into two 
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((;, /), the lower of which remains short, while the upper grows into a flask-shaped cell 
(Fig. 200, J),f, and Fig. 20T./). 

The globular mother-cell of the anthcridium (Fig. 200, si, a) first of all divides into 
two hemispheres by a vertical wall passing through the axis of the leaf; each of these 
is divided into two segments by a vertical wall at right angles to the first ; in each of the 

four quadrants a third division takes place hori- 
zontally and at right angles to the two last walls; 
and the anthcridium now consists of four lower 
and four upper octants of a sphere. Contrac- 
tion by glycerine clearly shows that each of 
these divisions of the protoplasmic body is com- 
pletely effected before the appearance of the 
cellulose-wall (Fig. 200, B ) ; the second division 
even takes place before the wall has arisen 
between the two first-formed halves; and the 
four quadrants may be made to contract without 
any wall being visible between them. In Fig. 
200, Zl, the third division has also taken place, 
the second vertical wall is already formed, and 
the two quadrants there visible are already 
divided ; but no horizontal wall has yet appeared. 
In Fig. 200, Jl, a , arc shown the eight octants 
in perspective together with their nuclei. Each 
octant now breaks up first of all into an outer 
and an inner cell (Fig. 200, C ) ; the latter is 
again divided in all the eight octants (/>), so 
that each octant now consists of an inner, 
a middle, and an outer cell (I), ;, m, e). Up 
Me. am. — Antiicrifiium nf //rvt/n m a furtiu to this time the globe remains solid, and all 

stage- of development (X «bo„t the ce ii s h e close to one another ; but now 

commences an unequal growth, and with this 
the formation of intercellular spaces (Fig. 201). The eight outer cells (r) are the young 
shields, the side-walls of which show even at an earlier period the radial infolding 
already mentioned; they grow more strongly in a tangential direction than the inner 
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cells, the outside of the globe increasing more rapidly than the inside : the middle cells 
(jw), which form the manubria, remain attached to the centres of the shields, but are 
separated from one another by the tangential growth of the shields; they grow slowly in 
the radial direction : the innermost cell # of each octant is rounded off and becomes the 
capitulum. 

The cell/ in Fig. 200, D , now also grows quickly, and forces itself between the four 
lower shields into the interior of the globe ; it becomes the flask -shaped cell, upon the 
apex of which rest the eight capitula. In Fig. 201 this condition of the anlheridium 
is shown in longitudinal section ; here the walls of the capitula bound the intercellular 
spaces which have now been formed and are filled with fluid ; they put out branches (r) 
which become septate, and again ramify ; and these branches elongate by apical growth 
and also become septate. Their basal cells swell up into a roundish shape, and form 
the secondary capitula, upon which stand the whip-shaped filaments, consisting of the 
discoid cells which are the mother-cells of the antherozoids. (Compare Fig. 201 with 
Fig. 198, B.) 

The anthcridia of Chara fragilis are produced by metamorphosis of those leaflets 
which form the innermost row on a leaf, and in fact, as is shown in Fig. 203, the 
development advances downwards on the primary leaf. The succession of cells and the 
mode of growth show no noteworthy differences from those of Nitella ; the flask-shaped 
pedicel is here placed on a small cell wedged in between the cortical cells, which is the 
central cell of the basal node of the leaflet : Braun asserts that this cell is present also in 
sterile leaves, but I have not succeeded in finding it. 

Anthvro'zouh. The whip-shaped filaments in which the antherozoids arise do not 
grow merely at their apex, but have also an intercalary growth. This is shown by the 
elongated cells in the middle of young filaments, each with two nuclei, between which no 
division-wall has yet been formed (Fig. 198, C). The longer the filaments become, the 
more numerous arc their divisions, until at length the individual cells have the appearance 
of rather narrow transverse discs. The further development of the contents of these 
mother-cells of the antherozoids progresses backwards from the end o f the filament ; 
the antherozoids are formed in basipetal order in each filament. At first the nucleus 
of each mother-cell lies in its centre, later it places itself in contact with one septum ; 
the nucleus then disappears, and its substance becomes mixed with that of the pro- 
toplasm, which now forms a central discoid mass in the mother-cell, surrounded by 
a hyaline fluid (Fig. 198, is'). From this is formed the antherozoid, and, when it is 
mature, there is no granular protoplasm left over in the cell \ The antherozoids begin 
to rotate even while within their cell, and escape out of it alter the rupture of the 
antheridium ; the filiform antherozoid hus in Nitella 2 or 3, in Chara 3 or 4 coils; the 
posterior thicker end contains a few glistening granules. 

7 he Development of the Carpogonium has already been described in detail by A. Braun ; 
I have also studied it in Nitella fexilis and Chara fragilis . In Nitella flexilis it springs 
from the node of the leaf beneath the antheridium (Fig. 199, B and C ) ; its origin is 
much later than that of the latter. Fig. 202, Ay represents a very young carpogonium ; 
the lowest cell of the pedicel (h) bears the small nodal cell with the five rudiments of 
the enveloping tubes (/>), (two only arc shown here in longitudinal section). Above the 
nodal cell lies the apical cell (s) of the branch, for such is the nature of the carpo- 
gonium. B represents a further stage of development, in which the first of the cells, 
designated by A. Braun the 1 Wendungszellen,* has already made its appearance, and 
two septa have also appeared in the upper part of each enveloping tube; these 
upper short cells are raised up by the intercalary growth of the tubes, above the apical 
cell, and form the crown K in C and D. The lowest of the cells of the crown each 
forms a prolongation projecting inwards and downwards, as shown in Fig. 202 C and 
D t so that the whole carpogonium resembles a 1 lobster-pot.* The spiral torsion of 

1 Compare the opposite view of Schacht, Die Spermato/oiden im Pflanzenrcich, 1864, p. 30. 

[The account given in the text is confirmed by Strasburger, Zellbildung u. Zelltheilung, 1880,] 
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the enveloping tubes does not begin till a later period; the coils become gradually 
flatter while the apical cell of the branch increases considerably in size and developes 
into the oosphere (Fig. 199). The development and fertilisation of the carpogonium 
of Chara has recently been desScribed in detail by De Bary in the case of C, fcetida. 
Here also it consists, from an early stage of its development, of an axial row of three 
cells, and five others consisting each of two cells which form an envelope round it. 
The lowermost cell of the axial row is the nodal cell, the second remains small and 
colourless, and corresponds to the first 4 Wendungszelle * in Nittlla . It becomes in this 
case also, as De Bary’s drawings show, separated by a somewhat oblique septum at 
the base of the apical cell (now the third of the axial row). Originally almost hemi- 
spherical, the apical cell grows first of all into the form of a narrow cylinder, and 
then becomes ovoid; it is provided, until it attains its full size, with a thin very 
delicate cell-wall. Drops of fat and starch grains accumulate in its protoplasm : its 
apex however remains free from these, and forms a transparent hnely granular terminal 
papilla, the receptive portion. The protoplasm of the apical cell of the carpogonium 
has therefore become transformed into an oosphere. The five enveloping tubes are 
^ from the first in close contact with the apical cell ; after each has become divided by 
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a septum about half way up, the uppermost of the cells thus separated also become 
closely united with one another above the oosphere. This dosing of the envelope 
takes place at least in Chara fw.tida , l>cfore the ‘Wendungszelle* has separated from 
the oosphere. The five upper cells of the envelope are at first as long as the five 
lower ones, and the septa which separate them lie about half way up the oosphere. 
As it now increases in size, the five lower ones become elongated into long tubes, which 
are at first straight but afterwards wind spirally round the oosphere. The five upper 
cells form the crown, which is elevated some distance above the apex of the oosphere. 
Between the crown and the apex of the oosphere the enveloping tubes grow inwards 
and increase in breadth, so that together they form, above the apical papilla of the 
oosphere, a thick diaphragm open only in the middle, by which a narrow space lying 
below the crown is separated from a still narrower one above the oosphere. The cells 
of the crown form a closed cover above the upper space ; the upper and under space are 
united through the narrow opening in the diaphragm. De Bary found a similar struc- 
ture in Nitella. As soon as the carpogonium attains its full size, the small space above 
the diaphragm enlarges, while the tubes between the diaphragm and the crown grow 
longer. This part of the envelope, which only attains its full size at a late period, 
De Bary calls the Neck, "flic tubes now separate laterally from one another, forming 
five clefts below the crown and above the diaphragm. Through these clefts the 
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antherozoids force their way in great numbers into the apical space, which is filled 
with a hyaline mucilage. That one or more of them even find their way into the 
oosphere is rendered the more certain by the fact that about this time its papilla 
is protected by a very weak cell-wall or has none at all, as is shown by the small 
pressure required to expel its contents into the apical space. 

A. Braun’s account of the morphological value of the carpogonium of Cbara is fully 
confirmed by our Fig. 203, A . It is necessary to explain, in the first place, that this 
is the lower part of a young fertile leaf of Chara fragilis , together with the contiguous 
piece of the stem and an axillary bud, represented in longitudinal section ; m is half of 
the nr dal cell of the stem, i its upper, i' its lower internodc, jr a descending,^ an ascend- 
ing cortical lobe ; j r* the cortical lobe of the lower internode which descends from the 
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leaf, rK a node of it; i" the first internode of the axillary bud which rests upon the 
cell n that unites the nodal cell m with the basal node of the leaf. The leaf shows its 
three lower internodes, z, z, z, still rather short ; they eventually attain from 6 to 8 
times this length. Between them are the nodal cells w, w ; v, v are the cells which 
unite the leaf-node with the basal node of the leaflets 0 on the outer side of the leaf ; a 
the corresponding cells on the inner side of the leaf ; hr the cortical lobes of the leaf, 
two of which go upwards and two downwards from each leaflet the lowermost 
intemode of the leaf is however covered only by descending lobes ; by the side of one 
of them stands the stipule j : x, x are the cortical lobes which descend on the inside 
of the internodes of the leaf, where the leaflets are transformed into antheridia, a y a ; the 
ascending cortical lobes of the leaf are here absent, because one carpogonium always 
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springs from the basal node of each leaflet. (Compare with this Fig. 197, A and B.) In 
reference to the origin of the carpogonium, A. Braun says (, Lc . p.69) that just as a branch 
springs from the basal node of a leaf, so docs the carpogonium from that of a leaflet (in 
Chara fragile from the basal node of an antheridiuin which stands in the place of a 
leaflet). As in the leaf which subtends a branch the ascending cortical lobes. are wanting, 
so also in the leaflet which bears the carpogonium the cells forming the ascending 
portion of the cortex are also wanting. As it is the first leaf of the whorl on the stem 
that produces a branch in its axis, so it is also from the first (inner) leaflet of the whorl 
on the leaf that the carpogonium originates. The basal node of the antheridiuin in 
C, frag ilts has, according to A. Braun, not four peripheral cells, as in sterile leaflets, but 
five ; an upper odd one which is first formed, two lateral ones which follow, and two 
lower ones which are formed last of all. Of these five cells only the two lower ones are 
developed into cells which form the cortex (of the leaves), the upper one, wanting in the 
sterile basal nodes, is the mother-cell of the carpogonium ; but the two lateral ones 
arc developed into leaflets which stand laterally between the autheridium anti carpogo- 
nium (cf. Fig. 197, ft ") ; these latter Braun calls Bracteoles. The mother-cell of the 
carpogonium now grows out of the axil of the antheridiuin, and divides itself by a 
septum into an upper outer terminal cell and a segment which in its turn is broken 
up into two discs by a wall parallel to the previous one (Fig. 20;, W, SK). The 
lower cell does not divide any further, it forms the concealed pedicel of the car- 
pogonium, and corresponds to the first internode of a branch; but the upper one has 
the character of a nodal ceil ; it is divided by tangential walls into a zone of five outer 
and one inner cell (SK')\ the former are the rudiments of the enveloping tubes, which 
are therefore morphologically leaves. 

The Characeac are distinguished by the size of their cells, and by the simple relations 
of the individual cells to the structure of the whole body. All the young cells contain 
nuclei, which at first always lie in the centre of the protoplasm that fills the whole cell; 
each bipartition of a cell is preceded by that of the nucleus and the formation of two 
new nuclei. As the cells grow, vacuoles form in the protoplasm which finally coalesce 
into a single large vacuole (the sap-cavity). The protoplasm, now clothing the wall as 
a thick layer, commences its rotatory motion which always follows the longest direc- 
tion of the cell. Chlorophyll-granules are now formed : with the growth of the whole 
cell they also grow and multiply by repeated biparlition; they adhere to the inner 
side of the outermost thin stationary layer of protoplasm, and take no part in the 
rotation of the layers which lie further inwards; the nucleus, which is elongated and 
granular, also lies in this layer 1 . 'Die rotating protoplasm becomes differentiated, as 
the cell grows, into a portion which is very watery and others which arc denser, 
the former looks like hyaline cell-sap in which the latter float in the form of roundish 
larger or smaller lumps. Since these denser masses are passively swept along by the 
rotating clear protoplasm, as may be seen from their tumbling over one another, 
the appearance is presented as if the cell-sap caused the rotating motion. Together 
with the denser masses of protoplasm of less regular form, there are also a number of 
bodies of globular shape covered with delicate spines, consisting also of protoplasm. 
The current, as Niigeli has shown, is most rapid next the stationary parietal layer, and 
becomes gradually slower towards the interior; hence the spheres and globules which 
swim in the thin rotating protoplasm tumble over one another, because they become 
immersed at different spots in layers of different rapidity. Dependent on the direction 
of the current, the chlorophyll-granules arc arranged in longitudinal rows on the stationary 
layer, and are deposited so thickly that they form a stratum ; they arc absent only at the 
neutral lines (Fig. 198, A, /). These neutral lines mark the position where the ascending 


1 fin old intcrnodnl cells there arc numerous nuclei which have been produced from the primary 
nucleus by division and 'fragmentation.* Sec Schmitz, Sitzbcr. d. niederrhein. (Jes. in Bonn, 1879; 
Unters. ueb die Zellkcrnc del Thnllnphytui. Slrasburgc 1, luc. cit. Johow. But. Zcitg. i88i.J 
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and descending portions of the rotating protoplasm of a cell run side by side in opposite 
directions and neutralise each other, and where therefore there is no motion. The 
direction of the rotatory motion in each cell stands in a regular relation to that of all the 
other cells of the plant, and hence to its morphological structure, as has been shown by 
A. Braun. 


FORMS WITHOUT CHLOROPHYLL. 

To this second principal group of the class Carposporeae belong all those plants, 
the fructifications of which have long been known as Fungi or Mushrooms, but 
which are now known under the names of Ascomycetes, JEcidiomycetes, and 
Basidiomycetcs. As a matter of fact a process of sexual reproduction has been 
actually observed as yet in only a few out of the very numerous genera of these 
plants, and these all belong to a single sub-division, namely that of the Ascomycetes. 
Among the Basidiomycctes mere traces of such a process have as yet been detected, 
and among the -dDcidiomycctes not even these have been observed. Nevertheless it 
is permissible to assume, until further information is obtained, not only that such 
a process actually takes place, but also that it agrees in its principal points with that 
observed in the Ascomycetes ; at any rate such an assumption seems to be immer 
diately suggested by the very similar course of development which obtains in these 
three groups K We are, in fact, somewhat in the same position with respect to the 
sexual reproduction of these plants as were the botanists of the last century with 
respect to that of Phanerogams ; they had observed the process of fertilisation in 
a few cases only, but they did not hesitate to assert, arguing from analogy based 
upon the similarity of the parts of the flowers and of the fruits developed therefrom, 
the sexuality of all Phanerogams. 

Accepting the facts established by Tulasne, De Bary, and their followers with 
reference to the Ascomycetes, we may describe the life-history of one of these Fungi 
as follows. From the true spore (carpospore) there is developed a vegetative body, 
the mycelium, consisting of much-branched multicellular filaments, the hypha?, 
which covers the surface or penetrates into the interior of the substratum upon 
which it grows ; it has often but a short term of existence, but it may occasionally 
continue to grow, as it appears, for years. In many cases this mycelium is capable 
of producing non-sexual reproductive cells which nearly always occur as conidia, and 
are usually developed upon special branches of the mycelium, the conidiophores, in 
large numbers by abstriction. These conidia, which correspond to the zoogonidia 
of Algse and to the tetragonidia of the Floridese, produce new mycelia on germina- 
tion. Usually a mycelium reproduces itself thus asexually for many generations, 
and consequently many Fungi are only known in this stage of their life-history. Jn 
all cases, however, in which the life-history of a Fungus has been continuously traced, 
it has been observed that, under certain favourable conditions, the mycelium finally 


1 [From the researches of Brefcld (Unters. neb. Schimmelpilze, III, IV) it appears that there is 
no ground for assuming the existence of sexual reproduction in the Basidiomycetes. He is of opinion 
also that no sexual process takes place in the Ascomycetes, for, though they still possess sexual 
organs, these organs (except in Lichens) seem to have lost their function.] 
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developcs sexual organs, and that, as the result of fertilisation, a structure is produced 
which is quite different from the mycelium, a fructification, which, except in the 
simplest forms of these Fungi, consists of an aggregation of numerous hyphae, and 
which presents great varieties of form. Ihese fructifications are in many species 
small in proportion to the mycelium, and appear to be merely fruits developed 
upon it ; in other cases, however, they continue to grow vigorously for some time, 
anti attain a considerable size, obtaining their nourishment independently. Under 
these circumstances they appear to be independent plants, or, according to our 
modes of expression, to be alternate generations destined to produce true spores 
in usually very large numbers. The spores thus formed within a fructification (car- 
posporcs) are in these cases, as also among the Alga), extremely different if not in 
their size at any rate in their form and other properties, from the conidia produced 
asexually on the mycelium. When the fructification is of considerable size it is 
commonly regarded as being the whole Fungus, just as a Ilorse-lail or a Fern 
is thought to be the entire plant, although the insignificant prothallium is an essen- 
tial phase of the life-cycle of each of the latter. The mycelium, like the prothallium, 
is only the first stage of development, or, as it may be termed, the sexual generation 
(oophore), whilst the fructification corresponds to the fully-developed Horse-tail or 
Fern (sporophorc). In those cases in which the fructification remains comparatively 
small and is nourished by the mycelium until maturity, a considerable similarity of 
habit becomes apparent between the Fungus and a Moss, for the sexually produced 
fructification of a Moss also derives its nourishment from the vegetative body of 
the first generation. 

Like that of the FI or idea), the Characeie, and the Coleochaslcx, the fructification 
of a Fungus consists of two essentially distinct parts, namely, of a sterile portion, 
which is usually relatively large, and in some of the larger fructifications is by far the 
larger, and of a fertile portion in which, sooner or later, spores arc formed. In the 
simpler forms the sterile tissue is merely an investing membrane which surrounds 
the spore-producing portion, but in larger and more complex fructifications, like those 
of Pcnicilliim and Tuber, the sterile tissue is a compact mass into which the hyphae 
which are to produce the spores penetrate, and within which they obtain nourish- 
ment and further ramify. A still higher degree of independence is attained by the 
sterile portion when the fertile hyphae contained within it do not immediately give 
rise to spores but undergo a period of inactivity. Under these circumstances the 
fructification is, during the period of rest which may extend over weeks or months, 
simply a mass of tissue, which undergoes further development only when, under 
favourable circumstances, the contained fertile hyphae produce spores. An inactive 
fructification of this nature is termed, at the suggestion of Brefcld who carefully 
studied these phenomena in Pemcillium, a sderotium. 

When the formation of spores commences in the fructification, the fertile hyphae 
may either grow towards the exterior and form the spores at the surface, when the 
fructification is said to be gymnocarpous , or they form the spores quite in the interior 
of the mass of sterile tissue, the outer layer of which then usually constitutes a firm 
cortex, the peridium , when the fructification is said to be angiocarpous . When 
numerous fertile hyphae form a coherent layer on the surface of the fructification, 
such a layer is termed a hymenium ; if, however, there is developed within the peridium 
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of an angiocarpous fructification a peculiarly formed mass of tissue in which very 
large numbers of spores are produced, such a mass is termed a nucleus or gleba . 

The sexual organs, so far as they are known among the Ascomycetes, consist 
of a carpogonium as the female, and of a so-called pollinodium (antheridium) as the 
male. The two organs may differ but little in size and shape, and in Gymnoascus 
they are quite similar ; more commonly, however, the carpogonium is larger and is 
multicellular, whereas the pollinodium is a thin, usually branched, tubular cell. In all 
cases the carpogonium differs from the pollinodium in that from it alone the fertile 
hyphae take origin from which the spores are finally developed, the sterile tissue 
being derived from the hyphae bearing the carpogonium or even from neighbouring 
cells. 

Fertilisation is never affected by means of antherozoids l , but by the close appli- 
cation of the pollinodium in its whole length to the carpogonium, or merely of the 
apex of the pollinodium to the anterior portion of the carpogonium. Occasionally 
this portion of the carpogonium is prolonged into a narrow tube like the trichogyne 
of Nana l ion. In the majority of the observed cases there is no direct exchange of 
protoplasmic substance between the pollinodium and the carpogonium in the process 
of fertilisation : the two organs remain closed and the fertilising matter passes from 
the pollinodium into the carpogonium apparently by diffusion. The fertile hyphae 
of the fructification arise usually not from that part of the carpogonium which has 
been in direct contact with the pollinodium, but from nearer its base. Here again an 
analogy with the formation of the fructification of Florideae presents itself. 

Histologically considered, the mycelium and the fructification of these Fungi 
consist of hyphie. The hyphae are multicellular, usually much-branched, filaments 
which grow at their apices, and are generally very long and thin. In many cases, 
even in the larger fructifications, as for instance in the Mushrooms, it is easy to 
make out the individual hyphae, but in other cases, although the tissue really consists 
of hyphae, a so-called pseudo-parenchyma is formed by the close aggregation of their 
short thick segments. In angiocarpous Fungi (Tubcraceae, Gasteromycetcs) this 
pseudo-parenchyma is usually differentiated into well-defined concentric layers. 
Commonly, but not universally, the cell-walls of the pseudo-parenchyma are not 
coloured blue when treated either with iodine alone, or with iodine and sulphuric 
add, but in certain cases this colouration is produced by the action of iodine alone 
(Asci of Lichens). Starch, as also chlorophyll, is absent from all Fungi, and this is 
the more remarkable since starch is found in Phanerogams which possess no 
chlorophyll. 

Fungi grow exclusively upon organic substrata. Many grow in earth which is 
rich in humus or some other organic matter, others are parasitic upon and within 
animals and plants; this parasitism may present itself in the most varied manner, 
the most remarkable case being perhaps that which, as we shall hereafter see, occurs 
among Lichens. The mycelium usually buries itself in the nutrient substratum and 
can scarcely be separated from it, whereas the fructification comes to the surface. 

As I do not propose to give an exact systematic account of the innumerable 


1 [In Lichens the carpogonium is fertilised by non-motile antherozoids, termed spernudia, 
which resemble those of the Floiideiv.] 
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species of Fungi, I will simply endeavour to illustrate the characteristics of the three 
principal groups above-mentioned by giving a complete account of such forms 
as have been accurately described by reliable observers, laying especial stress upon 
the more important features of their lifc-hislorv. 


A. T IIE ASCOMYCETES. 

In the fructification of the Fungi belonging to tin's group there arise from the 
ends of the fertile ascogcnous hypha? cells of a club-shaped or spherical form (asrt), 
from the protoplasm of which numerous spores (ascosporcs) are developed by frce-cell- 
formation ; usually a definite number of these spores, either four or eight, occurs 
in each asens. The fructifications are either open ( a pother iii) or more or less com- 
pletely closed (peri/hen'd). 

t The spores always possess a firm culiculariscd external membrane, the exo- 
spore, the surface of which usually presents asperities of different kinds : the inner 
membrane (ciulospore) of the spore forms, when the exospore lias become ruptured 
in germination, the first hypha (or more than one) from which the mycelium takes 
its origin. 

The mycelium produces in many instances conidiophores upon which the 
conidia are developed by abstriction. The conidia generally have a smooth surface 
and a very thin external membrane. In many genera thry do not occur, although 
nearly-related genera possess them in abundance: for instance, they are absent in 
Tuber and present in Penicillium. In addition to the conidiopliores there occur 
beside the fructification or even upon it, certain peculiar receptacles in which larger 
or smaller conidia (Sivlogonnfia in Pycnidia , Spermatid in Spcrmogonia) arc developed, 
which, ever since the publication of the important mycologieal works of Tulasne, 
have been regarded as non-sexual reproductive cells of the Ascomycete upon which 
they exist. Since l)e Ikiry lias shown that in many cases the pycnidia belong to 
other Fungi which are parasitic upon those in question, there has been some justifi- 
cation for the assumption that the so-called spermogonia also represent distinct 
genera of Fungi ; and this assumption gains in probability when it is considered that 
it deprives the doctrine of the pleomorphism of Fungi of its last remaining support, 

(1) OymnoaBcus 1 is one of the simplest of the Ascomycctes, It is a small Fungus 
growing upon horse- or sheep-dung, the mycelium of which developed numerous sexual 
organs. Here the pollinodium and the carpogonium are completely similar before 
fertilisation, but after it has taken place the carpogonium divides so as to form a row 
of cells which grow out into short branched filaments bearing at their ends dense 
masses of asci each containing eight spores. As the investment is quite rudimentary 
the fertile portion of the fructification is in this case naked, and resembles, in this 
respect, that of the simplest Floridea\ (Ntmaliort), 

(2) Discomycetes 2 . In order to illustrate as fully as possible the formation of 

1 Baranetzky, Bot. Zeitg. 1872, no. 10. 

a De Bary, Ueber die Fnichlentwickelung dor Ascomyccten, Leipzig, 1863, p. 11. — Pc Bary 
unci Woronin, Beitragc znr Morphologic 11. Physiologic tier J'ilze, 2nd series, pp. i and 82, Frankfort 
1866. — Tulasne, Annalcs des Sci. Mat. 5th series, vol. VI. p. 247. 1866. — Glinka- Janczcwski, Bot. 
Zeilg. 1871, no. 18. [Quart. Journ. Micr. Sci. 1878, p. 43S. — Brefeld, Untcrs. iib. Sehimmel- 
pilze IV.] 
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a completely developed fructification, I select as an example Ascokolus furfur aceus , 
a Discomycete described by Janczewski. Fig. 204 represents a vertical section of the 
entire fructification of this Fungus, whilst still 
in connection with a portion of the mycelium, 
somewhat diagrammatically drawn for the sake 
of clearness. The carpogoniurn c and the 
pollinodium / arise from branches of the my- 
celium. The former consists of a row of thick 
short cells, and is considerably curved; the 
delicate branches of the latter become closely 
applied to the anterior portion of the carpo- 
gonium. In consequence of fertilisation, one 
of the central cells of the carpogoniurn (which 
is designated the atcogonium) grows more 
vigorously than the others, assumes a some- 
what spherical form, and developes by gem- 
mation numerous filaments from which, at a 
later period, the asci are developed. In the 
meanwhile there has been formed from the 
hypha’ bearing the sexual organs a mass of 
filaments which completely invests the carpo- 
gonium, and which forms the large sterile por- 
tion of the fructification. Its byplia* are so 
aggregated as to form a pseudo-parenchyma, 
r in h ig. 204 being the cortical layer, and pp the internal portion, in which the sterile 
hyphac are diagrammatically indicated. The* ascogenous filaments which have sprung 
from the ascogonium continue to grow forming a layer tt within the fructification, the 
subhymenial layer, and send upwards thick club-shaped branches, the asci, within which 
the spores are developed. In this way the hymenium a a is formed, and it is com- 
pleted by the upgrowth between the asci of parallel branches, the so-called paraphyses, 
from the sterile portion. Finally the cortex r gives way at the apex, the hymenium 
comes to lie at the surface and expands in the manner represented in Fig. 205, in 
order that the spores may readily escape from the asci. In Peziza confluent, the 
species in which the sexual reproduction of the Ascomycctes was first discovered by 
De Bary in 1863, the process is as follows, according to ])e Bary’s and Tulasne’s 
exhaustive researches: — 1 'hc mycelium of P. confluent grows on the ground; branches 
arise at particular points of its hyplia; which are directed upwards and again branch 
abundantly ; at the end of the branchlets the organs of conjugation or fertilisation 
are produced in large numbers close together, forming rosettes. The terminal cells 
of the stronger branchlets swell up into ovoid vesicles (Fig. 206, a ), which put out 
a usually crooked prolongation (/). From another cell of the same branch lying 
beneath this carpogoniurn grows a club-shaped branchlet, the pollinodium, the apex 
of which (/) unites with the prolongation just mentioned. After this has taken place, 
a number of fine hypha* (h) shoot out of the filament which bears these organs, and 
these surround the rosette of the organ of conjugation, enclosing it in a dense felt. 
This felt forms the body of the fructification ; upon its upper side densely crowded 
hyphac immediately rise up to form the hymenial layer; finally the fructification becomes 
an apothecium, which possesses somewhat the form represented in Fig. 205, and pro- 
duces the ascosporcs in its asci. Woronin observed similar phenomena in P. granulosa 
and tcutellata . In these species branches consisting of three or more cells arise from 
the mycelium; the terminal cell swells out into a globular or ovoid form, without, 
however, putting out a prolongation ; from the cell lying beneath it arise two or 
more slender filaments which attach themselves closely to the formei. The conju- 
gating apparatus now becomes densely enveloped in numerous hyphx which originate 



1 re. U04.- 1 set turn of tin- fru I it 1 * * 
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beneath it ; from them is developed the wall of the apothecium. In Ascobolus pulcherrimus 
the carpogonium consists of a vermiform body, which Tulasnc calls the Scolecite . It is 
a branch of the mycelium, consisting of a row of short cells which are much broader 
than those of the mycelium. The adjacent threads put out small branches, pollinodia, 
the terminal cells of which attach themselves firmly to the anterior part of the scolecite. 
It is subsequently covered over, together with this fertilising organ, by branched hyphae 



Mr.. 2 trf> — (''•njuK'itiiiK apparatus of/’»c/c<r ton- 
/Turn \ (aftrr Tul, /iry stumpy majfnificd) ; m Ft 

i* shown the ton i-nu-nt of the formation of hy* 

plm- h, m const tj of fertilisation, from winch the 

njtothccium Ls de 

«(>«;. — i onicYuiu . . 1 vortical section of tl 
whole plant (x about _■<>) ; h hymentum or layer in whi» It )«• i 
nsci ; S the hyphal tivoie stmoimdnif,' the hyiuemiiiu hki 
cup at its margin q; .it its hast* fine fihinimts piticccd fn 
the tissue, which penetrate into the soil; H « 
the hyinenlum (X about y«>); th stibhymcni.il 1. 

Interwoven liypha ; <»— / ast i, with intermediate slender p.ir.t- 
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which spring from the neighbouring mycelium ; and a ball is thus formed in the middle 
of which lies the scolecite; and this finally grows into the apothecium. In all these 
cases the origin of the ascogenous filaments from the carpogonium has not as yet been 
observed, but according to analogy there can be no doubt that such is the case. 

In this group of the Discotnycetcs there are some individuals of which the mycelium 
forms conidia, and the unripe fructification is in inactive sclerotium. Pe%i*a Fuckeliana 1 

1 [On Peziza FucJtdinna and Sclerotiorum sec Pirotta, Nuov. Giorn. Bot, Ital. iSSi.] 
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has been carefully investigated by Dc Bary with a view to the elucidation of these 
points. The mycelium of this Fungus is found in the autumn growing upon the wet 
dead leaves of the Vine. From it there arise erect segmented filaments, several milli- 
meters in height, which ramify frequently towards their upper ends, numerous oval 
conidia being developed on each branch, which are capable of immediate germination 
and give rise to new mycclia. This stage of development of this Peziza was formerly 
regarded as representing a distinct Fungus, known as Botrytis cinrrea . Later on the 
sclerotia arc formed upon the mycelium, and although their origin from sexual organs 
has not been actually observed, yet after the observations of Brefeld upon Penicillium 
it cannot be doubted that such is the case. The sclerotia appear as callosities of 
various form, with a diameter of from \ to 1 millimeter, in the tissue of the leaf which 
is infested with the Fungus, and persist after that this tissue has undergone decay. 
They consist of a dense felt of hyphat with a black cortex. If they be placed upon 
moist earth soon after their formation, a great number of conidiophorcs are developed 
from them. If, however, the sclerotia have remained inactive for some months, they 
produce, when placed upon moist earth, small stalked cups, the flattened cavity of 
which bears a hymenium in which ascospores are formed (Fig. 205) ; this fructification 
is the Peziza Bitckeliana. 

In addition to other genera which have small fructifications, this group includes also 
the Helvellaoea?, to which the genera More hell a (Morel), Hr hr l hi, Spathularia , and 
Gmirlossum belong. In these the fructification is borne on a stalk, and is either hat- 
shaped or club-shaped, and attains a considerable size. The hymenium covers the 
greater part of the surface of the fructification. 

(3) The Erysiphero 1 form spherical perilhecia upon the surface of the sub- 
stratum which they inhabit, but they remain so small that they can scarcely be seen 
with the naked eye, whereas the mycelium attains a considerable size. The investment 
of the fructification is a delicate hollow sphere consisting of pseudo-parenchyma, sur- 
rounding the few asci which spring from the carpogonium. 

The very numerous species of the genus Erysiphr (Mildew) occur upon the surface 
of the leaves and green stems of Dicotyledons, and less frequently on those of Mono- 
cotyledons also 2 . 'Fhe ramified mycelial filaments extend over the epidermis, crossing 
and re-crossing one another, and throw out haustoria at numerous points which pene- 
trate into the cells of the epidermis. 'Fhe mycclia are reproduced by means of conidia 
which are abstrictcd in rows at the upper end of the erect unbranched conidiophorcs. 
These reproductive organs, formerly termed Oidiurn , are the only ones at present known 
in many species, as, for instance, in Erysiphr {Oidiurn) Tuckeri , the Fungus which pro- 
duces disease in grapes. In many other species, however, the sexually developed fruits 
may easily be found. Usually numerous filaments grow out from the cortical portion 
of these fruits, which either attach themselves, like the mycelial filaments, to the 
substratum, or remain quite free forming a delicate fringe. Both fruits and conidia 
may be developed upon the same mycelium. 

The simplest mode of the formation of the fruit occurs in the sub-genus Sphuro - 
theca , Fig. 207. The carpogonia and pollinodia are developed together at the points 
at which the mycelial filaments cross one another, and are in contact from their first 
appearance. They arc both small lateral branches; the one from which the carpo- 
gonium c is to be formed assumes an ovoid shape, and is then shut olf by a septum ; 
the one which is to become the pollinodium p curves over the apex of the carpogonium, 
and a septum is formed in its curved portion. After fertilisation, filaments spring from 
beneath the basal wall of the carpogonium, as also from the pollinodium (IV h ), which 
closely invest the carpogonium and grow up and come together over its apex ; they 

1 Tulasne, Selecta fungorum carpologia, I. Paris i860. — I)c Bary und Woronin, Bcitiage ?ur 
Morphol. uiul Physiol, dci Pilaw, 3rd series. Fiankfoit 1870. 

2 Pci haps Splwuthecn pimnoba ^Kusaiuni) also penetrates into the tissues of its host. 
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become multicellular in consequence of the formation of transverse septa within them, 
and, lying closely side by side, they give rise to a pseudo-parenchyma. From the 
internal surface of this investment, as it increases in size, short filaments are given 
off which fill up the space between it and the carpogonium which has not as yet 
undergone much change (V h). The still unicellular carpogonium now begins to 
grow vigorously; it is divided by a transverse septum into two cells, an upper and 
a lower, and may be regarded as a simple form of ascogenous filament, the apical 
cell of which is directly converted into an ascus (V a). The apical cell, by its rapid 
growth, soon occupies the whole of the cavity of the fructification, and eight spores 
are produced by free-cell-fonnation in its protoplasm. Slight pressure upon the fruit 
causes the extrusion of the ascus (II a). In other Erysiphcac, the pcrithecia of 
which contain several asci, as E. Umbel lifer a rum, communis, lamprocarpa, etc., the car- 
pogonium is also originally unicellular, but it grows within the investment into a long, 
thick, curved filament, which is divided into segments by numerous septa. Many of 
these segments throw out lateral branches which bear the asci. 



1 7 — / l oimliDphorc ; // ii|>« peril he* min <>f {S/harothtin) pavnout (after Tul.i*.nr) ; ///tarpu 

jjoniuiii ami jn>llii»>iiiurn ; jy the sann* fertilisation; l' the yminj^ peritliei linn of I'otlosphuru Castagnet (after 
Dt* Bary) ; t carpogonium ; f> pollinoihuin ; h wall of the perithelium ; a the Millie useu.s. 


These Erysiphcae which have numerous asci afford a transition to the Eurotie® 1 in 
which the carpogonium, even before fertilisation, elongates considerably and becomes 
spirally wound. 

The life-history of Eurotium repens and that of Eurotium Aspergillus glaucus have 
been also recounted in detail by De Bary. Both species are found on the most 
various decaying or dead organic bodies, and are especially abundant on preserved fruit. 
The Fungus makes its appearance as a delicate flocculcnt white mycelium overspreading 
the surface, from which the upright conidiopliores soon rise in large numbers. These 
swell in the upper part into a globular form, and on the upper half of the globe 
there arise a number of peg-shaped projections, densely crowded and arranged radially, 
the sterigmata , each of w'hich produces gradually a long chain of greenish conidia ; 
so that finally the head of the receptacle is covered by a thick layer of them. During 
this formation of conidia, the sexual organs appear on the same mycelium. The female 
organ, the carpogonium, is the corkscrew-like end of a branch of the mycelium (Eig. 208, 
A y as), the coils of which become gradually closer, until, when actually in contact, they 
form a hollow spiral ( B , C). During this process about as many septa are formed as 
there are turns of the helix (i.e. 5 or 6). From the lowest coil of the carpogonium two 

1 [Wilhelm, I)ic Tilzgattung Aspergillus, 1877.] 
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slender branches now shoot out at opposite points, and grow upwards on the outside 
of the helix; one of these developes more quickly, reaches the uppermost coil, and 
becomes closely attached to it by its apex (if, />). This branch is the pollinodium. 
Conjugation takes place between its apex and that of the earpogonium, the cell-walls 
being absorbed at the point of contact, and the protoplasmic contents of the two cells 
commingle. Soon afterwards new filaments sprout out from the lower part of the 
pollinodium and of the earpogonium, which increase in number, cling closely to the spiral 
(C), and finally entirely envelope it. From these filaments a layer of polygonal cells (D) 
is formed by numerous transverse divisions, which envelopes the earpogonium. The 
cells of the enveloping layer grow inwards as papillae which become septate (E) m While 
the enveloping layer is increasing in size, the cavity of the perithecium, which is thus 
enlarged, is filled up by the papillae, and they finally insert themselves between the coils 



Vie,. 20^.— Development of In rot non ref ms (after De Hnry). A small portion of a mycelium, with the conidia-l. earing 
liyph.e / and young ascopniiium (or cnrpogimuiin) as . H the spiral astogonium m with tin* pollmodmm /; C. the same, 
beginning to be surrounded by the threads out of which the wall of the peiithesium is formed; P a perithecium; /s', /«' 
section of young pcrithecta, 7t> parietal cells, f pscudo*parenc hyina, nt ascogomum ; l» an asciis ; If an ascospore. 

of the earpogonium which have now become looser. These papillae become divided 
by septa into numerous cells of similar diameter, so that at last the space between 
the enveloping layer and the coils of the earpogonium is filled by a pseudo-parcnchyina 
(F). During these processes a large number of septa arise in the earpogonium, and 
soon there shoot from its cells numerous commencements of branches, which penetrate 
on all sides between the cells of the pseudo-parenchyma, become septate, and ramify. 
Their last ramifications are the asci (<?), which therefore owe their origin to the 
fertilised earpogonium. These internal changes are accompanied by a considerable 
increase in size of the whole perithecium. During the development of the asci 
the pseudo-parenchyma becomes looser, its cells round themselves oil, become capable 
of swelling, lose their fatty contents, and finally disappear; in the ripe perithecium 
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it is replaced by the asci. The increase in size of the cells of the parietal layer keeps 
pace with that of the whole perithecium, and they become covered with a sulphur- 
yellow coating which attains a considerable thickness and consists probably of a resinous 
or fatty substance. Finally these cells also collapse and dry up ; the eight-spored asci 
also break up, till finally the perithecium consists only of the brittle yellow coating and 
of the mass of spores enclosed by it, which are set free by gentle pressure. In a 
similar manner to the perithecium, the mycelium also becomes covered by a coating, 
in *his case of a chestnut colour, on which the peril hecia are now individually visible 
to the naked eye as yellow granules. The ripe spores have the form of biconvex lenses 
(H); when germinating the cndosporc which puts out the germinating filament swells 
up violently and splits the exospore into two halves. The mycelium which proceeds 
from the ascosporcs produces, like that which arises from the conidia, at first conidio- 
phores and afterwards perithccia ; but a proper alternation of sexual and non-sexual 
generations does not occur here. 

(4) The Tuberace© (Trullle^) form subterranean tuberous fructifications, which 
may be as laige as a clenched fist. They are usually provided with a firm thick 
cortex of pseudo-parenchyma, and consist internally of a dense felt of hypha* in 
which the ascogenous filaments ramify. \ he asci, within which the spores are pro- 
duced, are imbedded in this tissue, and are arranged in groups or layers of various 
forms which, in a section, present the appearance of chambers or of a dark veining. 
Until recently the development of these fructifications had not been traced, and their 
morphological structure was but imperfectly understood. The discovery made by 
Brcfeld that the commonest of all Moulds, Pcnicillium glaucum, is merely the conidia- 
bearing mycelium of a small Truffle, has, however, tin own much light upon the 
morphology of this group of Fungi. 

The mycelium of Pcnicillium glaucum grows upon nearly all organic substrata, even 
upon liquids, forming a dense felt. From it erect filaments aiise which form at their 
upper ends pencils of branches, and at the extremities of these long rows of greenish 
conidia are developed. These conidia are everywhere dispersed in the air, and it is for 
this reason that this Fungus is of such universal occurrence. 

Like the Truffles, Pcnicillium only produces its fructification when deprived of 
air and of light, under circumstances in fact which arc unfavourable to the develop- 
ment of the conidiophores. The fructifications are of a yellowish colour and attain the 
size of a small pin’s head. On this account they were overlooked until Brefeld suc- 
ceeded in producing them artificially. 1 The mycelium 1 must be cultivated upon a 
substratum which affords it abundant nourishment and enables it to attain, without any 
interruption, its most complete vegetative development. This is reached ns a rule 
in from seven to ten days after the spores have been sown. The access of the atmo- 
spheric oxygen must now be diminished by proper means, and the exhaustive formation 
of conidiophores will thereby be prevented. Since these conditions are not commonly 
fulfilled in nature, it is easy to understand why it is that only the asexual form of 
Pcnicillium has hitherto been known. 

‘The sexual organs of Pcnicillium agree in all essentials with those of Eurotium 
described by Dc Bary. They consist of a spirally-wound ascogonium (carpogonium), 
the female organ, and of a pollinodium, the male organ. 

* After the fertilisation of the ascogonium, a process of development commences 
which differs very materially from anything of the kind as yet described among 
the Ascomycetos. In this case also the fertilised ascogonium becomes invested by 
filaments which arise, evidently in consequence of fertilisation, from beneath the 
ascogonium, but here the ascogonium itself at once begins to grow and its branches 
extend among the surrounding filaments. When the growing ascogonium is enclosed 
by eight or more (8-15) layers of filaments, no new layers are formed, but those which 

J The following is taken litci ally from Brefcld’s pidiminaiy account in Flora, 1K73, 110. 21 . 
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already exist become further developed. This development consists in the division 
of the filaments into very numerous cells, which expand and thus form a coherent tissue. 
The further extension of the ascogenous filaments is first diminished and then arrested 
by the gradually increasing coherence of the investing cells, and they are seen, in 
a median section, as thick hyphjr running concentrically. After this formation of 
tissue has taken place an expansion of the cells, which is not uniform throughout, 
takes place, so that they attain six or eight times their previous size, and then their 
walls become much thickened. This thickening begins simultaneously at two points, 
internally, in the ascogenous hyplia?, and externally, in a zone which is separated from 
the periphery by a few layers of cells. 

‘ The fructification, now free from the mycelium, is of the size and colour of a 
grain of coarse yellow sand. It is a sclerotium, consisting of from two to four peri- 
pheral layers of cells elongated tangentially, of a yellowish-brown colour, and internally 
of large cells arranged radially which become smaller towards the interior. Between 
these run the firm ascogenous hyplia; appearing like much-branched passages in the 
tissue. 

* The sclerotia may be preserved in the dry state for as long as three months without 
losing their vitality. If they arc placed upon moist blotting-paper, a further development 
of the ascogenous hyphar. takes place within six or seven weeks. They again accpiire the 
appearance of living hyplue, and become divided into numerous cells, each cell being 
capable of producing a branch which, at its first appearance, divides into a thick and 
a thin filament. The thick filaments are concerned in the development of the spores, 
whereas the thin filaments, which are but slightly branched and without septa, cause the 
absorption of the surrounding tissue and supply the thick ones with nutriment. The 
thick filaments form numerous closely-placed lateral branches immediately behind their 
apices, a septum being formed between each pair. These branches form a series of asci, 
each of which contains eight" spores. 

1 The result of further development is that the whole internal sterile tissue is absorbed, 
the brown external layers alone remaining; the ripe asci together with the hyphar bearing 
them and the nutrient filaments also disappear, so that finally, in six or eight months, 
the sclerotium, although it has not altered in external appearance, has become converted 
into a vesicle filled with a dense mass of countless spores of a bright yellow colour. 

i When seen under favourable circumstances each ascosporc gives rise to a mycelium 
quite similar to that developed from a conidium, which bears the characteristic conidio- 
phorcs, each one of which can be genetically traced through the filaments of the mycelium 
to the individual spores. 

* If, in consequence of desiccation, of a too advanced maturity, or for any other 
reason, the sclerotia lose their capacity lor growth, that is, if the ascogenous filaments 
within them have lost their vitality, certain cells of their tissue may still be capable of 
germinating. The hyphae springing from them come to the surface through fissures in 
the sclerotium, and proceed to form the ordinary conidiophores. In this process the 
physiological difference between the ascogenous filaments and the tissue surrounding 
them, which amounts to a perfect contrast, becomes more definitely manifest/ 

The similarity of structure presented both by the ripe and the unripe fructifications 
of Penicillium with young and mature Truffles makes it at once evident that Penicillium 
belongs to the Tuberaceae, and suggests that the formation of the fruit of the other 
members of this group takes place in the way so fully described with reference to 
Penicillium . Tulasne’s 1 figures, especially that of Elaphomyces Lei rillei, represent the 
ascogenous filaments within the sterile tissue of the Truffles, and Brefeld observed them 
again in Tuber rufum. The well-known yellow bands of hyphac correspond to the asco- 


1 Tulasnc, Fungi hypogivi, Paris iSf>2. [See also Recss, Rani* it is mils von Elaphomyces granu- 
'w t Sitzber. d. phys. mecl. Soc. zu Erlangen, 1 S 80 .] 
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genous filaments; they give rise to asci and at the same time absorb the surrounding 
sterile tissue. 

The dark colour of the interior of T ruffles is due to the numerous dark-coloured spores, 
and the marbled appearance with light and dark veins is the result of the distribution of 
the bands of sporiferous filaments in the colourless sterile tissue. The latter contains 
air between its hyphie and therefore appears white when seen by reflected light. The 
spores of Truffles are formed in club-shaped or spherical asci of considerable 
size, by a process of free-cell formation. They are invested by an exospore which is 
covered with asperities, or has a rugose surface. 

It is as yet unknown whether or not the mycelium of the Truffles, like that of 
PeniciUium , lives exposed to the air and forms conidia at any period of its existence. 

(5) The PyrenomyceteB 1 usually produce their asci, which generally contain eight 
spores and are of an elongated club-shape, within small flask -shaped or roundish recep- 
tacles, which are termed perithecia. The wall of a free isolated perithccium (as in 
Sfib.rria , Sordaria , and others) consists of a firm pseudoparenchymatous tissue of a dark 
colour. The perithecium contains at first a delicate transparent tissue free from air, 
which is altcrwards absorbed by the asci and paraphyses. These spring from a hynicnial 
layer which clothes either the whole of the wall of the perithecium, or only its basal 
portion. The perithecia arc either open from the first (as in Sphatria typbina , Sordaria ), 
or they are originally closed and afterwards form an orifice clothed w'ith hairs through 
which the spores can escape (Xylaria), 

In a number of forms (Spbn'riiv simplices such as Vleospora^ Sordaria ) the free 
perithecia originate singly or in groups upon the inconspicuous filamentous mycelium 
which usually inhabits dead plants, but occurs also on living ones. It is certain from 
AVoronin’s observations upon Spburia Lemannea and Sordaria that in these cases each 
perithecium is the result of a sexual act, and therefore represents an entire fruit. In 
other Pyrenomycetes, however, a so-called stroma is first formed from the mycelium. 
This is a cushion-shaped, mushroom-like, cup-shaped, or arborescent structure, consist- 
ing of a dense mass of apparently homogeneous tissue, in which numerous perithecia are 
developed. It remains uncertain whether, in such cases, the stroma is merely a peculiar 
form of the mycelium within which the sexual organs are subsequently developed and 
which bears a corresponding number of perithecia, or whether the entire stroma is the 
result of one act of fertilisation and is therefore to be regarded as a single fructification 
the asci of which are produced in numerous perithecia. Of these alternatives the latter 
is the more probable, for in CAainceps the stroma itself is derived from a scclerotium, 
which is doubtless the product of a sexual process. 

The asexual reproductive cells or conidia are developed, among the Pyrenomycetes, 
not merely from the mycelium, but more especially from the stroma, and (as in Ptnicil- 
Hum) even from the wall of the perithecium. They arc formed on longer or shorter 
hyphal branches usually in considerable numbers, and occasionally larger and smaller 
conidia occur in the same species. It has already been pointed out that the receptacles 
known as jpertnogonia and pycnidia 2 , which also form larger and smaller conidia, are 
probably parasites, and do not form part of the cycle of life of the plant which they 
infest. 

I select as an example for more detailed description the Fungus which produces the 
Ergot, — Claviceps purpurea 8 . Its development begins with the formation of a filamentous 

1 Tulasnc, Selecta fungorum carpologia, Paris 1860-65. — AVoronin untl De Bary, Beitiagu zur 
Morph, u. Physiol. Her Pilze, Frankfurt 1870. — Fuisting, llot. Zeitg. 1868, p. 179. [Gilkinct, Koch, 
morph, sur les Pyrenomycetes, I, Sordariees, 1874.] 

3 [Bauke, Beitr. z. Kennt. der 1‘ycnidcn, Nov. Act. Leop-Carol. Akad. 1876, has shown that, 
in certain cases at least, the pycnidium with its stylogonidia is a definite part of the life-history of 
these Fungi.] 

8 Tulasnc, Annales des Sci. Nat. vol. XX. p. 5. — Kuhn, Mittheilungen des landw. Inst, in Halle, 
vol. I. 1863. 
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mycelium, which attaches itself to the surface of the ovary of Grasses, especially of Rye, 
while still enclosed between the paleae, covers it with a thick weft, and partially pene- 
trates into its tissue, while the apex and often other parts of the ovary remain exempt 
from its attacks. The ovary becomes replaced by a soft white mycelial tissue which 
retains nearly its original form, the style being not unfrequcntly still borne on its summit. 
The surface of the tissue of the Fungus is marked by a number of deep furrows and 
forms a large number of conidia on basidia arranged radially, imbedded in a mucilaginous 
substance which exudes between the paleae. In this condition the Fungus had been at 
one time considered a distinct genus, and described under the name of Sphacelia. The 
conidia can germinate at once and immediately again detach conidia, which, according to 
Rilhn, again produce a sphacelia in other Grasses. The mycelium of the sphacelia 
forms, when the production of conidia has reached its height, a thick felt of firmer hyphae 
at the base of the ovary, which is at first still surrounded by the looser tissue of the 
sphacelia. This is the commencement of the sclerotium or Ergot; its surface soon assumes 



FlC, 300. — Cfw/rr/r purpitrra. A a sclcrotnim forming stromata r/(Vrf'nt); H limy Minimal section of upper part of n 
Stroma. i/> t!u* perithn-u; C .1 perithelium with tin* suirnumliny tissue (yrt-ally nmymfied) ; cp Its orifice, hy liyphdc of 
the pilous, sh epidermal layer of the pHeus ; />an av_us ruptured and allowing the spores to escape (after Tulasnc). 


a dark-violet colour, and grows to a horn-shaped body, often as much as an inch in 
length. In the meantime the sphacelia ceases to grow, its tissue dies and is ruptured 
beneath by the sclerotium, and carried upwards on its summit, where it is placed like a 
cap and afterwards falls off. The hard ripe sclerotium now remains till the autumn, or 
usually till the next spring in a dormant state; the formation of the stroma begins when 
the sclerotium is lying on the damp ground. The stromata arise beneath the skin, a 
number of closely-packed branches being formed at definite points from the medullary 
hyphae; the bundle breaks through the skin, and grows up into the stroma which consists 
of a long stalk and a globular head. In the latter a large number of flask -shaped perithecia 
(Fig. 209, B and C, cp) appear, which do not possess a clearly-defined wall. Each 
perithecium is filled from the bottom by a number of asci, in each of which several 
slender filiform spores are produced. These spores swell up in damp situations, and 
put out germinating filaments at several points. When they reach the young flowers of 
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Rye, or of other nearly allied grasses, Kiihn states that the sphacelia arises from them, 
and the cycle of development is thus completed. 

(6) Lichens 1 . From the researches of Schwendener 2 , there can no longer be any 
doubt that the Lichens are true Fungi belonging to the Ascomycetes (Discomycctes 
and Pyrenomycetcs), but distinguished by a singular parasitism. Their hosts are Algae, 
which grow noimally in damp places but not actually in water, and belong, moreover, 
to very various groups (rarely Confcrvacesc, frequently Chroococcaceae and Nostocaceae, 
more often Palmellaccae, sometimes Ghroolcpideac). The Fungi themselves (Lichen- 
forming Fungi) are not found in any other form than as parasites on Algae; while the 
Alga; which are attacked by them, and which, when combined with the Fungus, are 
called Gonidia , are known in the free condition without the Fungus. When the species 
attacked by the Lichen-fungus is a filamentous Alga, and the development of the 
hyphal tissue is only moderate (as in Epbrbr and Ctrnogonium), the true state of the 
case is at once clear; and as Lichens of this kind have become better known, the 
suspicion has frequently arisen that they arc in fact only Algae infested by Fungi. 
In the Collcmaeca* also attention has frequently been drawn to the identity of the 
gonidia with the moniliform filaments of Nostocacea* ; but in this case the nourishing Alga 
usually undergoes considerable changes of habit, at least in its external contour, from 
the influence of the parasitic Fungus, like Euphorbia Gyparissuis from its parasitic 
/Ecidium. But the greater number of Lichen-fungi prefer as hosts the Chroococcaceae 
and Palmellacear which grow as stains and incrustations on damp ground, the bark 
of trees, and stones. The separate cells and groups of cells of these Alga: become so 
involved by the tissue of the Fungus, that they are at last only interspersed here and 
there in the dense hyphal tissue, or appear in it as a special layer (the gonidial layer). 
The growth and multiplication of these Alga:, which thus become entirely enclosed by 
their parasites, is not hindered, but their development is disturbed in other ways. When, 
however, they arc freed from their enclosing Fungus-tissue, their normal development 
proceeds, and in a few cases even the formation of zoogonidia takes place in them, 

1 Tulasnc, Mt'tuoire pour servir a l’hisloire organographique ct physiologique ties Lichens 
(Annalcs dcs Sci. Nat. 3rd series, vol. XVII). Schwendenei, UnterMichungen iiber den Flcehtcn- 
thallus (in Nagel i’s Buitiage zur wissensch. Botanik. 1H60 and 1862.— I )itto, I.aub u. Calleitflechtcn 
(Nagcli’s Beit rage zur wissensch. Botanik. 1 S6S ). — Pitlo. Flora, 1872, nos. 1 1—1 5. — Stahl, licit, z. 
F.ntwickcl.-Gesch. tier FlcchLcn, 1877. [Quart. Journ. Mier. Sc. 1*873, p. 235, and 1878, pp. 
H4» 43« J 

a [The views of Schwendenei* have been corroborated by Hornet in an elaborate memoir pub- 
lished in the Ann. des Sci. Nat. 1873, vol. XVII. lie also pul them to a synthetical test by sowing 
the spores of Parmelia parictina upon Protococcus. About the fifteenth day the hyphen were well 
developed anti ramified. Wherever they met isolated cells of Prntncnccus or groups of them, 
they attached themselves cither directly or by means of a lateral branch. They did this to the 
Protococcus only, neglecting altogether the other bodies which were mixed with it. Similar results 
were obtained when the spores of liiatora muscorum were sown upon Prolococcus. Spores of 
Parmelia sown sepal ately lamified much less and developed no chlorophyll; Protococcus , on the 
other hand, timing the same period remained unchanged and put out no hyphen. Tulasnc, however, 
sowed the spoics of Liqhcns and Indie ved that he twice detected the formation of gonidia upon the 
hyphen (Ann. des Sci Nat. 1852, XVH. pp. 96-98). l>c Bary ind ed described the green gonidiutn 
as originating by the expansion of a short lateral branch of the hypha into a globular cell, which 
is shut off by a septum and assumes a green colour; once formed, it increases independently l>y 
division, and a number of the gonidia eventually lie without stipites in the interstices of the 
Lichen-tissue (Morph, u. Phys. dcr l'ilze. pp. 258, 263-263). Bcikeley also believes that the 
gonidia originate from the hyphen having had ‘a good opportunity of ascertaining their development 
from the threads of the mycelium in specimens developed within the vessels of pine wood’ (lntrod. 
to Crypt. Bot. p. 373). For a careful resume of all the recent literature of the subject by Archer, 
see Quart. Journ. Micr. Sc. 1873, p. 217. In this country Bentham has criticised Schwcndener’s 
view (Address to Lin. Soc. May 23, 1873), and Thwaitcs and Berkeley have also expressed their 
dissent (Card. Chron. 1873. p. 1341).] 
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a fact first observed by Famintzin and Baranetzky, but incorrectly explained. It is to 
Schucndcncr s knowledge of the facts, the result of researches extending over many 
years, that the correct interpretation is due in these cases of the relationship borne by the 
Lichen-forming Fungus to the gonidia, /. e. to the Alga which it attacks 1 . 

After these preliminary remarks the following description will be intelligible to the 
beginner. It is transferred, with but slight alterations, from the first edition of this 
book. We will consider first the Lichen as a whole, as it comes under observation, the 
nourishing Alga being distinguished as an elemental form of the thallus under the name 
Gonidia; and we will afterwards discuss the question of their algal nature more in detail. 

The Thallus of Lichens is commonly developed in the form of incrustations which 
cover stones and the bark of trees, or penetrate between the lamellae of the epidermis of 
woody plants, and then expose only the fructifications above the surface. These Crus- 
taceous Lichens, as they are termed, have become so completely united in their growth 
to their substratum, at least on the under side, that they cannot be detached completely 
from it without injury to the thallus (Fig. 210, A t B, C), The crustaceous Lichcn-thallus 



"in -- A, f! hnif'Jti n t mst.ti runs l.irlim 

^rmviim . hi tlifb.'uK i if the Holly; .1 ii.ilui.il sizr, /• slightly 
magnified ; (' Pet fits, n ;a If ul/> m, anothu crustaceous 
Lichen {‘.lightly in.i^mhed) 



l‘t(, nr. — A i*ioc ** of th<* fnlinccnus IImIIhs of Pet 
hot ironfall' , a the npoilieci.i , / the ilnzine! 
(natural size). 



(slightly iiia^inhelj. 


passes over, through various gradations, into that of the Foliaceous Lichens; the latter 
forms flake-like expansions often curled, which can be completely detached from the 
ground, stones, moss, bark, &c. which support them, since they are attached to it only 
in places by a few organs of attachment, the Rhizinn. The foliaceous thallus often 
attains considerable dimensions, in the large species of Pel tiger a and Sticta as much as 
a foot in diameter, and from \ to i mm. in thickness, and then generally assumes a 
circular form; at the growing margin it forms rounded indented lobes (Fig. 2 ti and 
Fig. 213, J 3 ). A third form of the Lichcn-thallus, also united with the previous one by 
transitional forms, is shown in the Fruticose Lichens, which are attached only at one spot 
and with a narrow base, and rise from it in the form of small much-branched shrubs. 
The branches of the thallus are either flat and ligulatc, like th - lobes of many foliaceous 
Lichens, or slender and cylindrical ( Fig. 2 1 3, A). In Clndonia and Stereocaulon we have not 
so much a transition from the foliaceous to the fruticose thallus as a combination of the 


1 A few additional historical notes will be found at the end of this section. 
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two, a foliaceous expansion of small size being first formed, the cup-shapcd or fruticosely- 
branched thallus afterwards rising from this. 



FlC. 21 % — . / Umrit l>ctrbatu t a frnticoso Lichen (natural siic) ; /»’ Sftifrt pnlmovateo, a foliar tous Lit lien (natural size) 
seen from beneath ; <i apothcua, /"the attaching disi of A, by w tik h the 1 icheii beconus attached to the bark of a tree. 


The thallus of Lichens can be dried, so as to be pulverised, without losing its vitality. 


When saturated with water it has generally ; 



leathery consistence, is tough, elastic, 
and flexible ; blit a large number of 
genera, which are remarkable also 
in other ways, are slimy and gela- 
tinous in this condition. These 
Gelatinous Lichens, as they are 
termed, form cushion- like masses 
with an undulated surface, and in 
their growth are sometimes more 
like the fruticose, sometimes more 
like the foliaceous Lichens. A typical 
form is shown in Co/lema , Fig. 212. 

The disposition of the gonidia and 
hyphae in a thallus may be such that 
these two structures appear about 
equally mingled (as in Fig. 215), 
and the thalius is in this case called 
bomoiomerous ; or the gonidia arc 
crowded into one layer (as in Fig. 
2/4), by which the hyphal tissue is 
at the same time separated accord- 
ing to circumstances into an outer 
and inner or an upper and under 


Fin. ai4. —Transverse section through the foliaceous tliallus of Sticta 
ligtnosa (X 50*1) ; o cortical or epidermal layer of the upper side; 1/ of 
the under side; rr rhi, fibres, springing from the 

epidermal layer and therefore tricli r the medullary layer, the 

hyphu' longitudinally. 

The upper and under cortical layt also consist of hypli.e. which how- 
„.e much thicker, consist of shorter cells, and are united with* ... 
interstices, forming a pseudo-parenchyma; £ the gonidia (their light- 
green masses of protoplasm arc coloured dark) ; each gelatinous en- 
velope encloses several gonidia produced by division 


layer ; the thallus-t issue is then 
stratified, and such Lichens are 
termed beteromerous (Figs. 214 and 
217). 

The mode of growth, branching, 
and external structure of the Lichen- 



CARPOSPORFJE. 


3 *' 


thallns may cither be determined by the gonidia, the hypha: being concerned only in a 
secondary degree in its construction, or it may happen that the hypha* determine the 



Hit. .*n, — \<itua) section of the I'd. unions Ihullus of Ltpto^uun uotntum {< p o>>). •»' « pulet iu.iI l-»> *-r . lothes th 
inlet mr tissue, w liti It consists mainly of ainoi plums ami i olonrh v, j e 1 1 \ in whu h lie tile colled i hams ol >oninli,i , some ol i;< 
larger cells of the i hams are cnlomlcss ; between them run the fine hypli.e 


form and mode of growth, while the gonidia have only a secondary share in the forma- 
tion of tissue. The former is the case in only a few Lichens; the latter is much 




M(,. iiiy — I'&ttta barlhifti. A longitudinal section ot a s! 
branch, soaked in potash solution ; /*’ transverse sn turn of an 
th.kllus'stem with the basal portion of an adventitious (or sor 
bianch »./ (x to>>) . -» apex of the luanch, r the cortex, c the 
inediillaiy bundle ol hypha, tn the loose medullary lissm, . 
youidial layer. 


316.--A briim.lt of the tlinllus of 
J-phebi pubrsutn (X 5*jr»). 

the more common, and is that of the typical Lichens, especially of those that are 
heteromerous. In some hotnoiomcrous gelatinous Lichens (as Fig. 215) it appears 

v 
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doubtful whether the change in the external form proceeds more from the gonidia 
or from the hyphir. This relationship, which, although both morphologically and 
physiologically important, has not hitherto had sufficient attention paid to it by lichen- 
ologists, will be made sufficiently clear by an examination of Figs. 216 and 217. In 
Fig. 216 is shown the longitudinal section of a branch of Ephebe pubescent ; the large 
gonidia are left dark, and the very fine hyphae are indicated at b. The branch increases 
at the apex by longitudinal growth and by transverse division of a gonidium (^.r), 
which is here the apical cell of the branch. The cells produced from the apical 
gonidium afterwards divide parallel to the longer axis of the branch ; still later divisions 
are formed in different directions, and thus groups of gonidia arise at some considerable 
distance from the apex of the branch. The delicate hyphae are represented in our figure 
as reaching to the apical gonidium; in other cases they come to a termination at a 
considerable distance beneath it. Even in this case it is only a few single hyphae 
which follow the longitudinal growth of the branch ; these grow within the gelatinous 
envelope which is evidently derived from the gonidia. At a considerable distance from 
tin* apex of the branch, the hyphae first put forth lateral branches which penetrate be- 
tween the single or grouped gonidia, forcing their way through the deliquescent mass of 
their gelatinous cell-walls. Thus the whole form of the branch, its growth both in 
length and thickness, is determined by the gonidia; the hyphae, from their small number 
and their fineness, produce scarcely any essential alteration either in the external form 
or the internal structure of the branch. This is clearly shown also in the origin of 
the lateral branches of the thallus. One of the exterior gonidia lengthens in a direc- 
tion at right angles to the axis of the parent-branch, and becomes Ihe apical cell of 
the lateral branch, producing at the same time new cells by transverse divisions, as 
is shown in Fig. 216, a. Branches of the adjacent hyphae turn in the same direction, 
and behave, in relation to the now apical cell, in the manner described above with 
respect to those of the primary branch. 

In a manner similar to Ephebe pubescent, Usnea harhata , a fruticose Lichen, also forms 
a much-branched fruticose thallus. The branches of the thallus here also elongate by 
apical growth (cf. Fig. 217, A ) ; but this is not brought about, as in Epbebe , by the 
gonidia, nor by a single apical cell. Each of the hyphir at the end of the branch, which 
are nearly parallel and approximate at the apex, elongates by the apical growth of its 
terminal cell, and thus they produce in common the apical growth of the branch; this is 
followed further backwards by an intercalary growth, the result of the intercalary 
elongation of the hyphae and of the formation of new hypha* in different directions. 
The hyphae lie so close together near the apex that they form a compact mass without 
interstices; it is only at some distance from it that the hyphal tissue is differentiated 
into a very dense cortex of fibres interwoven on all sides, an axial bundle of densely- 
crowded threads running in the direction of length, and a looser layer (the medullary 
layer) furnished with air-containing interstices. The point below the apex where this 
differentiation of the hyphal tissue begins is also that of the point of commencement of 
the gonidial layer, which consists of small roundish green cells, collected in small groups 
in consequence of multiplication by division ; and these groups themselves form a layer 
between the medullary and cortical layers {cf. Fig. 217, B , the transverse section). 
Below the growing apex of the branch of the thallus there are only single gonidia, 
by the division of which the cells of the gonidial layer are produced. It is evident 
therefore tint in Usnea harhata the growth in length and thickness and the internal 
differentiation of the tissue depend entirely on the hyphir, and that the gonidia behave 
like foreign bodies in the hyphal tissue; the formation of new branches proceeds also 
from the hyphir and not from the gonidia. The branching may be dichotomous; and 
in this case the apical cells of the hyphae converge towards two nearly adjacent points, 
and then continue to grow in corresponding directions, so that the two equal branches 
form an acute angle. Adventitious branches arise laterally below the apex of the thallus, 
the cortical fibres forming at a particular point a new apex and subsequently growing 
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outwards. Gonidia are also to be found behind the new apex, while the base of the 
branch sends out medullary fibres and an axial bundle into the primary branch, so 
that the homologous forms of tissue of the two are continuous. The growth of Usnea 
may be compared, irrespectively of subordinate points, to that of the so-called stroma 
of the Xylariae; the formation of the gonidia is a subordinate clement in the structure 
of the whole. 

In some crustaceous Lichens the thallus possesses in general no defined contour, and 
no external differentiation takes place ; the thallus appears as a somewhat irregular 
aggregation of masses of gonidia traversed by hyphac. In other crustaceous Lichens (as 
Sporastatia Mono , Rbixocarpoti sub concentric uni, Aspicilia calc area, See.) the thallus forms 
lobed discs which increase by centrifugal growth at the margin; the growing margin 
consists altogether of hyphal tissue, in which, further inwards, masses of gonidia appear 
at a few isolated spots and gradually spread; the cortical tissue is indented at the circum- 
ference of the spots where the gonidia are formed. Isolated scaly pieces of a true 
Lichen-thallus thus arise on a fibrous substratum called the hypothallus 1 . 

The Formation of the Spores of Lichens takes place in receptacles termed Apothecia, 
when they are similar to those of the Discomycetes, or Pcrithccia , when they are similar to 
those of some Pyrenomycctcs. T hey are formed in the interior of the tissue of the thallus, 



Fir.. 218 — Vert i< .il mm turn of tlit- apolltiM mm of huifiivt /ittt (\ .ilxuii fn), // tin- livnicniuiu y sul» li> 1111-111.1l 

lay* r and < vupiiltun ; all the rvst belongs in the thallus ; m its inodullary layur, > its t.orto\, v its gonidia ; at ( t the thallus 
foims a cup-shaped rim round the npothe* mm 

and only appear above its surface at a lalcr period, and then, in the one case they expand 
their hymenial layer to the air (Gynmocarpous Lichens), and in the other, they allow the 
spores to escape through an orifice (Angiorarpous Lichens). In all Lichens without 
exception the receptacle and all its essential parts take origin exclusively from the hyphal 
tissue ; it is the Fungus alone that produces the receptacles ; the nourishing Algae, /'. c. the 
gonidia, take no part whatever in it ; or only in a secondary manner in so far as the 
thallus-tissue together with its gonidia grows like a wall round the apothecium and to a 
certain extent envelopes it (as shown in Fig. 218), or grows luxuriantly beneath the 
receptacle and raises it upon a kind of stalk above the surrounding thallus. The only 
exception to this endogenous origin of the receptacle occurs in Ctmogonium and similar 
forms, where it is impossible, because the hyphac form only a very thin layer round the 
filamentous Alga which performs the part of gonidia 2 . These forms serve to show with 
especial clearness, as we know from Schwendener’s researches, that the receptacle ot 
Lichens belongs exclusively to the hyphal tissue. 

The investigation of the development of the apothecium is attended with great 
difficulty, and more than one point is still obscure 3 . It originates, in heteronicrous 

1 See Schwendcner, Flora, 1865, no. 26. 

a [Sec Archer, On Apothecia in some Alga;, Quart. Journ. Micr. Sci. 1875.] 

8 What follows is taken from De Itary's account of his own researches, and fiom those of 
Schwendcner and Fuisting. [See Stahl, loc. ciV.] 
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Lichens, beneath the cortical layer, in the lower part of the gonidial zone, or, in some 
crustaceous Lichens, in the deepest part of the thalius in immediate contact with the 
substratum; in homoiomerous gelatinous Lichens and in Fphebe it arises beneath the 
surface of the thalius. The commencement of the apothecium is, in heteromerous 
Lichens, a very small roundish ball of confused interwoven hyphae, on the outer side 
of which a tuft of very delicate hyphtr — the first paraphyses — rises at a very early 
period. The most external hyphal investment of this ball, and therefore surround- 
ing the tuft of paraphyses and opening above (outwards), is termed by lichenologists 
the Excipulum . The further growth of the rudiment of the apothecium is now 
occasioned by the increase in size of the excipulum by the formation of new fibres, 
while new paraphyses are intercalated among those already formed and outside the 
tuft, the extension of the apothecium being the immediate result of the fresh forma- 
tion of these bodies. Growth is first completed in the centre of the apothecium ; 
at the outside it continues longer, often even after the appearance of the apothecium 
above the surface of the thalius. The mother-cells of the spores, the asci, arc formed, 
according to Schwendener and Fuisting, in a peculiar manner. * Even in the young ball, 
ancl among the first rudiments of the paraphyses, thicker hyphae are to be seen inter- 
woven among the rest, rich in protoplasm, undivided by septa, and with numerous 
ramifications ; the upright ends of the branches of these hyphae which penetrate between 
the ends of the paraphyses developc into club-shaped asci; they may hence be termed 
ascogenous hyphev. They are very readily distinguished from the paraphyses by their 
membrane being coloured blue by iodine after treatment with potash-solution, while 
that of the paraphyses remains colourless. They disappear at a very early period from 
the lower part of the rudiment of the apothecium, and remain only in one narrow layer 
which runs parallel to the upper surface of the apothecium, and extends below the 
lower ends of the ripe asci. In this layer they ramify in a centrifugal direction in 
proportion as the margin of the excipulum grows, and send out new asci among the new 
paraphyses. The first asci appear in the centre of the apothecium ; and Schwendener 
states that no genetic connection exists between the ascogenous hyphae and those from 
which the paraphyses are derived; the two form separate systems but interwoven 
into one another 1 . The layer in which the ascogenous hyphae run is called the Sub - 
bymenial Layer ; the hymeniurn itself consists of the paraphyses and the asci taken 
together. The term Hypothecium is given to the mass of fibres which lies beneath the sub- 
hymenial layer, and is often strongly developed through subsequent growth ; it consists 
of hyphae the branches of which end in the hymeniurn as paraphyses, and of the remains 
of the primary ball ; when mature, it can scarcely be distinguished from the excipulum. 
The growing apothecium bulges more and more, and finally breaks through the 
layer of thalius which covers it; the hymeniurn and the margin of the excipulum 
appear above the surface of the thalius, or the part of the thalius which surrounds 
the excipulum rises and grows with it forming a bowl-like rim. Among the medullary 
hyphae which surround the apothecium a number of gonidia subsequently appear in 
many Lichens, so that a gonidial layer runs beneath the apothecium. In Peltigera and 
Solorma even the young apothecium is expanded flat, its paraphyses project vertically 
towards the surface of the thalius, and the layer of thalius which covers them is finally 
lifted like a thin veil. In Bwomyces, Calycium, See . the basal portion of the hypothecium 
is developed into a long stalk which supports the apothecium. 


1 From the newly-discovered processes in the formation of the reproductive organs of the 
Pyrcnomycetes and I )iscom vectes, especially from the most recent statements of Janczewski on Asco - 
fco/wi furfuraceus { cf . p. 309), it may be assumed that the tubular hyphx of the subdiymenial 
layer arise from a yet undiscovered asoogonium or scolecite ; and that thus the apothecium of 
Lichens is the result of a sexual process in a similar manner to the perithecia of the Pyrenomy- 
cetes and the apothecia of Peziza and A&cobolm. [This ha** been discovered by Stahl, See the end 
of this section.] 
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The pcrithecium of Angiocarpous Lichens is so similar in its mode of development 
and in its mature state to that of the Xylaria;, that there is no need to give an exact 
description of it. 

The club-shaped asci of Lichens are similar in every essential point to those of the 
Pyrenomycetes and Discomycetes ; their wall is often very thick and capable of swelling; 
the spores (Fig. 219) arise simultaneously, as in those Fungi, by free-cell-formation, 
while a considerable portion of the protoplasm often remains unused in their production. 
The normal number of spores is eight, although sometimes only 1-2 (in Umbilicarla and 
Megalospora ), 2 or 3 or from 4 to 6 (in several Pcrtusariie) ; in Bartrojpora , Acarospora> 
and Sarcogyne on the other hand their number amounts to some hundreds in one ascus. 



FU,. 219. -A t'llu al sc< tion of a sm.ill portion of thi* apothccium 01 -•/ nafCyt hut tihau\ (xsio), m the medullary 
layer of the thallus ; y the hypnthet turn. together with the sub-hyinenlal layer; p the pnrnphyscs «>f the hymeniutn, their 
upper end 1 , of a brown colour ; among them arc the nsi i In various stages of development ; in i are the young spores not yet 
septate, in 2 — 4 the spores more fully developed ; the protoplasm in which the spores arc imbedded is contracted by the 
drying up of the J.Uhen before the preparation was made. 


The structure of the spores is very various, but in general similar to that of the Asco«s 
mycetes; very commonly they are septate and multicellular; the exospore is usually smooth 
and often variously coloured. 

The spores are set at liberty by moisture penetrating the hymenium; they are 
suspended in the fluid which fills the ascus, and are expelled together with the fluid by 
the rupture of its apex. This expulsion is probably caused by the lateral pressure of 
the swollen paraphyscs and the property of swelling possessed by the membrane of the 
ascus itself. 

The germination of the spores of Lichens takes place by the endospore of each 
spore-cell putting out a filament which ramifies and extends over the damp substratum 
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on which the spore is placed. The mode of germination of the very large spores of 
some genera, Megalospora , Ockrolechia , and Pertusaria , differs from that of all the rest. 
They are simple, not septate, and densely filled with drops of oil (Fig. 220, Ay B), Each 
spore puts out from different parts of its circumference a great number, even as many as 
a hundred, germinating filaments. The formation of each begins with the appearance 
in the endospore of a cavity widening from within outwards, which becomes sur- 
rounded by a very delicate membrane and grows outwards in the form of a filament 
(Fig. 220, A y B). 

Besides the apothecia with ascospores capable of germination, Spermogonia are also 
generally present in Lichens, as in Ascomycetes ; they generally occur on the same 
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thallus as the apothecia. They arc cavities in the thallus which are globular, flask- 
shaped, or sinuous, and densely clothed and almost filled with sterigmata ; from these 
sterigmata the spermatia are detached in very large numbers, and escape through a 
fine orifice in the spermogonium. Sometimes also receptacles are found in which larger 
bodies, more like spores, are detached from the sterigmata ; receptacles of this kind are 
called Pycnidiny as in the Pyrenomycetes. 

Besides the spores, most Lichens also possess organs termed Soredia , by which they 
are very extensively reproduced. They are single gonidial cells or groups of gonidia 
which, surrounded by a weft of hypha*, are pushed out of the thallus, and are able, 
without any further process, to grow into a new Lichcn-thallus. T he soredia are pro- 
duced from the thallus in the non-gelatinous Lichens, as a line powder, forming sometimes 
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dense pulvinate masses (as in Usnea, Ramalina , Etwrnia, Physcia , Parmelia , Pertusaria , &c.)* 
In the heteromerous thallus the soredia appear in the gonidial layer; single gonidia, or 
sometimes several together becoming woven over by branches of hyphie which cling 



Hi,. mi — /> v»ri-iJia of / luD'httn , s! .1 •ample- snriMlmm, t oiisistin^ of ,1 covered with a \\c b <>1 
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closely to them and form an envelope of fibres. The gonidia divide repeatedly, and each 
daughter-cell is again woven over. This process is often repeated, the soredia accu- 
mulate in great numbers in the gonidial layer, and finally rupture the cortex. After 



escaping in this manner, the soredia can still further multiply outside the thallus; but 
under favourable conditions either a single sored ium or a mass ot them grows out at once 
into a new thallus (Fig. 221). Scliwcndencr states that in Usnea bar bat a this may occur 
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while the soredia are still included in the mother-thallus ; soredial branches, as they are 
termed, are thus produced. 

We may now turn to the consideration of the other elemental form out of which, in 
addition to the Fungus-hypha*, the thallus of Lichens is constructed, the Gonidia . It has 
already been suggested that these are nothing but Algae which arc attacked and sur- 
rounded in their growth by Ascomyeetes, and serve as hosts to them, the capability of 
assimilating inorganic materials being wanting on the part of their parasites. 

Passing over the views of the older lichcnologists, which will be found collated in the 
writings, cited below, of Baranetzky and of Schwemlener, it may be pointed out here that 
De Bary (llandbueh der physiol. Hot. vol. ii. p. 291) arrived at the following alternative 
conclusions with respect to the gelatinous Lichens, such as Ephebe and similar forms ; ‘that 
either these Lichens arc the completely developed fructifying states of plants the 
incompletely developed forms of which have hitherto been placed among Algae, as 
Nostoracea? and Chroococcaceir, or the Nostocarea: and Chroococcacea* arc typical Alga* 
which assume the form of Collerna* and Epheba* &e., in consequence of the penetration 
into them of certain parasitic Ascomyeetes the mycelium of which extends throughout the 
growing thallus and often becomes attached to the cells filled with phycoehromc 
( Plectospom , Omphniariti ). In the latter case the plants in question might be termed 
Pseudolichens.* From the close of this quotation it appears that the writer does not 
apply the latter alternative to the heteromcrous Lichens at any rate. Soon afterwards 
f- amintzin and Baranetzky, and then the latter alone, published researches upon the 
further changes which the gonidia of Lichens undergo when they are set free by the 
decomposition of the hyphal tissue in water '. Baranetzky comes to the conclusion that 
‘ the gonidia of the heteromcrous chlorophyll-containing Lichens ( Physcia , lvvemia, Chi - 
don't a), as well as the he'ernmerous forms containing phycoehromc [Peltigera) and of the 
gelatinous Lichens {Col Inn a), are capable of carrying on an entirely independent life out- 
side the lichon-thallus. When set free, the lichcn-gonidia appear to extend their cycle of 
life; thus, for instance, the independently vegetating gonidia of Physcia, Premia, and Cla- 
tlonin produce zoogonidia.’ He also found that all the cells of the spherical masses com- 
posed oi the gonidia of Peltigera undergo a transformation so as to become extremely like 
the interstitial cells of a JNostoc, and he did not doubt that this was their permanent 
condition. ‘ Some, perhaps many, of the forms hitherlodcseribed as Alga must be considered 
as independently vegetating lie hen-gonidia, for the present at any rate; such are Cystococcus , 
I'nlycocctu anti Nostoe' The researches of Sehvvcndener carried on, in part earlier, in part 
simultaneously and later, in the most careful manner, led to the opposite conclusion, that 
the gonidia are in fact Alga 1 which are more or less disturbed in their manner oi life by 
the Fungus which is parasitic upon them. He first definitely stated and explained this 
view in his treatise ‘ Leber die Algcnlypcn der FIcrhtengonidicn,' (Basel, 1869), as 
applying to all Lichens. In this memorable work, which assigned to the Lichens for the 
future their true systematic position among the Ascomyeetes, he gives an account of those 
genera of Alga* which were to that time known as the hosts of lichen-fungi, that is, as 
playing the part of gonidia. 


Name of group of Alga. 

(1) SirosiphonoLc 

(2) Rivulariea: 

( }) Scytonemca*. 

(4) Nostocarea: 

( 5 ) Chroococcacea* 


Bluish-green Algae. (Nostochincie.) 

Lichen in which they occur as gonidia. 

, Ephebe, Spilonema , Poly chid, urn. 

. Lhatrmidium , Lichina , Hacobunna. 

. JU ppia , Porocyphus. 

Coll cm a, I.empholemma , Ltptogimn , Pannaria , Pel tiger a, 
. Omphalarin , E itchy Hum , Phyllijcium. 


1 Mum. de I’Acad. Tmp. des Sci. de St. lYk-rsIxmig, 7U1 series, vol. XI. no. 9 and Melanges 
biologiijues tires du Bulletin de l’Acad. Imp. de St. l'etersbourg, vol. VJ. 1N67. — 'Ann. des Sci. Nat. 
5th series, 1867* vol. \ III. pp. LI 7 -M 4 J — Also It/igs-sohn, Bot. Xeilg. 1868, [and Woionin, Ann. Sci. 
Nat. XVI 1S72J. 
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( 6 ) 

(7) 

( 8 ) 


(9) 


II. Green Algae. 


Confervaceae (Cladnphora) . 

. Gnnogoniunt , Cystocoleus . 

Chroolcpideae 

. Graphideac, Vcrrucarieac, Roccella. 

Palmellaccas 

. Many fruticose and foliaceous Lichens. 

Cystococcus burnt col a 

. Pbyscia , Cladonia , Ei'ernia, Usnea , Bryopogon 

and Anaptychia . 

Pleurococcus . 

. Endocarpoti and various crust aceous 
Lichens. 

Protococcus 

. Cladonia , Pbyscia . 

Stichococcus . 

. Spbcuromphalc , Polyblastia . 

Coleochaeteae ( Phyllactidium , Ktitz.) 0 peg rap ha filicina. 


The inconceivable opposition offered to Schwcndener’s theory by lichcnologists 
must surely be overcome by a recent publication of Hornet’s 1 . After careful investi- 
gation of sixty genera of Lichens, he comes to the conclusion that each lichen-gonidiuni 
can be referred to some species of Algjr, and that the relations of the hypha? to the 
gonidia are of such a kind as to exclude any possibility of assuming the existence of 
a genetic connection between them ; that they find, in fact, their only satisfactory 
explanation in the theory of parasitism. Hornet shows that not only does the Alga 
which is the host of the Fungus become modified in consequence of the cohabitation, but 
that the Fungus itself often undergoes some change. He describes more accurately than 
had previously been done how the hyphsr of the Fungus atlach themselves to the algal 
cells, and even penetrate into them, in order to absorb their contents, as the occurrence 
of the empty cell-walls of gonidia in the lichen-thallus suggests. He did not content 
himself with seeking in nature material which would show the Algae being attacked by 
the lichen-fungus and the gradual formation of the thallus, but he sowed spores of Lichen- 
fungi upon Algae 2 in order to be able to observe the manner in which the Fungus avails 
itself of the Alga. Of more especial interest is his proof of the fact that the same Alga 
may serve for very different Fungi; for example, Chroolepus umbrinum supports no less 
than thirteen genera belonging to five families of Lichens. Although many Lichen-fungi 
require to have particular Alga* as their hosts, a condition which occurs also in other cases of 
parasitism, it also happens that the same Lichen-fungus can avail itself of various forms 
of Algic as its gonidia. The Alga which has been attacked by the Fungus and has 
become surrounded by its hypha* is not always hindered in its growth, but in many 
cases is actually stimulated to more active vegetation. For further important details 
I must refer the reader to the work itself. 

All reliable observations thus lead to the conclusion that a lichen-thallus is a mycelium 
which is nourished as a parasite by an Alga. The fructification of the Lichen, the 
apothecium or perithecium, belongs exclusively to the mycelium. 

[The most conclusive evidence in favour of the truth of Schwendener’s theory has 
been brought to light by the researches of Stahl 3 . In the first place, he succeeded, by 
cultivating the spores and hynienial gonidia of Endocarpoti pus ilium, in producing arti- 
ficially a Lichen-thallus which bore perithccia and spermogonia. In the second place, 
he discovered that carpogonia are present in the thallus of certain Lichens which he 
investigated. The carpogonium of Collnna microphyllum , for instance, is a hyphal 
filament which forms closely appressed coils at some distance below the surface of the 
thallus, and is then prolonged straight to the surface beyond which it projects. The 
carpogonium thus consists of two parts, the coiled portion, which Stahl terms the asco- 
gonium, and the straight portion, which he calls the trichogyne. Spermatia, derived from 


1 Hornet, Recherchcs sur les Gonidics dcs Lichens, Ann. des Sci. Nat. t. XVII. 1X73. 

2 Compare also Rcess, Monatsber. der Herl. Akad. 1X71 ; and Schwendcncr, l'lora, 1X72; also 
Treub, Bot. Zcitg. t 873. 

3 [Heitrage /ur Kntwickeluugs-gcschi elite del Fleclitcn, I, II, 1877: also dc Bary, Die Ki- 
seheinung der Symbiosc, 1879.] 
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the spcrmogonia, are disseminated over the surface of the thallus by the agency of water, 
and arc thus brought into contact with the projecting cell of each trichogync, and to this 
they adhere. The contents of one at least of the spermatia pass into the trichogyne in 
consequence of the absorption of the cell-walls at the point of contact, and thus the 
carpogonium is fertilised. It will be seen that this mode of fertilisation is the same as 
that which has been described in the case of the FJoridea?. In consequence of fertilisa- 
tion the cells of the ascogonium, as well as those of the adjacent hyphye, are stimulated 
to growth, and the result is the formation of an apothecium ; from the ascogonium arc 
produced the asci, and from the adjacent hyping the paraphyses and the wall. It is clearly 
shown that the apothecium is derived solely from the fungal constituent of the Lichen. 
These results, besides throwing light upon the nature of Lichens, give a clue to the 
significance of the spcrmogonia and spermatia in other Ascomycetcs and in the Acidio- 
myceles.] 


B. Thk jEcidiomvcetks k 
( l Wdifietc.) 

If, in characterising this group, attention is confined, as in the case of the 
preceding groups, to those forms whose development is completely known, two 
extreme cases, as regard the conditions of reproduction and the alternation of 
generations, present themselves. In the simplest case the mycelium produces 
a fructification, the so-called *Ecidium, which consists, in its mature condition, of 
a cup-shaped investment (pc r id i uni) and of a hymenium occupying its basal part ; 
from the basidia of the hymenium spores are formed by abstriction. The spores 
thus produced (ucidiospores) at once germinate, and each one developes a short lila- 
rnent consisting of but few segments, the growth of which soon ceases, and bearing 
upon short delicate branches smaller reproductive cells, the sporidia , which may be 
included under the term .conidia in the sense in which that term has hitherto been 
used. The hypha bearing them is to be regarded as a promycelium. The sporidia, 
on germination, throw out hyphse which penetrate into the epidermal cells of the 
host, and give rise to a mycelium which, in its turn, forms mcidium-fruits. In this 
case, which is found represented by Endophyllum Scmpcrvivi, there occurs a simple 
alternation of generations, the alternating generations being the mycelium and the 
fructification (ajcidium), with the slight variation that the secidiospores give rise to 
the mycelium not directly but indirectly by means of the promyceliutn and its 
sporidia. The other extreme case is represented by jEcidium Berber idis, JEcidium 
Lcguminosarum , and others. Here new mycelia are directly formed by the ceddio- 
spores, without the intercalation of a promycelium. They do not, however, give rise 
to a;ddium-fruits but develope conidia (the so-called Urcdospores) upon basidia closely 
packed so as to form a kind of cushion, by means of which numerous generations 
of mycelia arc produced during the period of vegetation. It is not until later that 
reproductive cells of another kind, the Tehuhsporcs , are produced in these genera- 
tions to which the name Uredo has been given. These germinate in the following 


1 Tulasne, Ann. des Sci. Nat. 3rd sir. vol. VII; 4th ser, vol. II. — De liary, Ann. ik\s 
Sci. Nat. 4th ser. vol. XX, and Monatsber. d. Bcrl. Acad, j 865. — Oersted, Rot. Zcit. 1865, p. 291. — 
Rcess, Die Rostpilzformen tier dcutschen Conifcien, Halle 1869 (Abh. dcr naltirf. ('resell sell. Rd. XI). 
— Oersted's System der Pilze, Lichenen, itnd Algen, translated into German by Grisebach and Reinke, 
Leipzig 1873, p. 19. [Schrbter, Lntwick. einig. Kosfpilze, in Cohn’s Re it rage, I, 1875.] 
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spring and form promycelia, from the sporidia of which the mycelia which bear the 
aecidium-fruits are developed. 

On comparing this second case with the first it becomes evident that here 
several generations of mycelia are intercalated between the formation of the ascidio- 
spores and the formation of the promycelium. These generations give rise to 
peculiar reproductive cells, the uredospores and the teleutospores. 

A sexual act has not as yet been observed even in these well-known forms of 
jEcidioirycetes. If, however, we adhere to the rule that in the Thallophytes, as in 
Cryptogams generally, the most complex form of development is the result of a 
sexual act, and if we assume that an act of this kind does actually take place in this 
case, we cannot but regard the secidium-fruit as the sexually-produced generation \ 
The ajcidium-fruit will then coriespond to the fructification of the Ascomycctes, the 
aecidiospores to the ascospores, and the uredospores, teleutospores, and sporidia to 
various forms of conidia. Should these probable assumptions be substantiated by 
future discoveries, it becomes at once evident that the nomenclature of the genera 
must be based not upon the forms bearing teleutospores, but upon those bearing 
secidia, for instance the genus now known as Puccinia will have to be reconstituted 
under the name o {JEcidium, the genus Gymnosporangium under that of Roestdia , &c., 
just as among the Ascomycctes not the conidia but the sporocarps afford the basis 
for their systematic arrangement. 

That the uredospores and teleutospores are merely forms of conidia is demon- 
strated by the fact that they are present in some genera and species and absent in 
others, resembling in this respect the conidia of the Ascomycctes. They are both 
absent in Endophyllum , the uredospores are absent in Roestdia , and both arc present 
in JEcidium Berber id is and in JEcidium Leguminosarufn. 

The view which is here maintained is exclusively founded upon the well-known 
forms. There remains a much larger number of forms of which the life-history is 
only imperfectly traced. In a series of forms, for instance, the oecidium- fruits only 
are known (yEcidium elatinum , Pint, abietinum a , &c.), and it is still uncertain whether 
or not they reproduce themselves by the a;cidiospores alone : in others only the 
teleutospores are known ( Chrysomyxa , Puccinia Dianihi, compacid) : in others again 
only the uredospores ( Cauma pinitorquum) : uredospores and teleutospores, without 
aecidium-fruits, are known in Melampsora and Coleosporium . The last-named cases 
recall Penicillium and Eurotium in which, formerly, only the conidia were known 
and not the true fructifications, but they differ from them in that they possess two 
kinds of conidia. It appears that, like Penicillium and other Ascomycetes, certain 
jEcidiornycetes can reproduce themselves for many generations solely by means of 
their conidia (uredospores and teleutospores) without attaining the completion of 
their development in the formation of a true fructification (aecidium). 

The formation of the fructification of the J3cidiomycetes, like that of many 
Ascomycetes, is accompanied by the development of peculiar receptacles, the 

1 To this view I drew attention in the first edition of this book (1868). Oersted, loc. cit ,, and 
Brefeld also support it. [See also Stahl, Hot. Zcitg. 1874.] 

8 [The life-history of Me. abietinum has since been traced by De Bary (Bol. Zcitg. 1879), The 
mycelium bearing uiedo- and teleutospores infests the leaves of Rhododendron ferrugineum and 
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spcrmogonia, the significance of which in both cases is obscure. They make 
their appearance usually just before the recidium-fruits and close beside them upon 
the leaves of the host. They extrude small conidia (sperm at i a) formed by abstric- 
tion, the significance of which in the life-history of the Jticidiomycetcs is completely 
unknown. It has been suggested that they are to be regarded as parasites, although 
the extraordinary constancy of their appearance certainly militates against this view. 

The /Ecidiomyeetes exclusively inhabit living Phanerogams, mostly their stems and 
leaves, but also the living cortex of trees (Conifcra*). The extension of the mycelium 
in the intercellular passages of the host does not usually produce much injury, though in 
some cases the host becomes deformed, as for instance, the formation of ‘witches- 
brooms * in Kirs by the growth of Aicidium elatinum . Occasionally the mycelium is 
confined to certain circumscribed areas of its host (, Ecidium Leguminosarum and others), 
but more commonly it extends throughout its tissues ( /Kcniium Euphorbia? eyparissin 
Endtjphyllum Sempervivi). The fructifications, as also the conidia, are developed beneath 
the epidermis of the host, and penetrate through it to the surface only when they are 
mature. 

Some of the best-known forms possessing conidia avail themselves of the same plant 
as a host throughout their whole life; for example, A Ccidium Leguminosarum and Trago- 
pogonis : in others the various reproductive forms are developed upon different hosts, 
for example, the a-cidium-fruits of JEcidium Herberidis occur only on the leaves of 
Herberts vulgaris, whilst the uredospores and the teleutospores are formed only 
upon Grasses. Similarly the large a-cidium-fruits of Roes tel ia cancel lata occur only 
upon the leaves of Pomacea\ the teleutospores only upon those of species of Juniper us. 
Such forms as these are said to be hetenecious (metevcious), to distinguish them from 
those above-mentioned which inhabit the same host throughout their whole life 
(aut(rcious). 

The sporidia developed from the promycelium (whether this is derived from axidio- 
spores or from teleutospores) give off hyphx which pierce the walls of the epidermal 
cells and penetrate into the interior of the host, whilst the hyphx derived from the 
aridiospores and from the uredospores grow upon the epidermis of the host until 
they reach a stoma through which they enter the intercellular passages. To this rule 
Puccima Diant hi offers an exception, in that the promyceJium derived from the teleuto- 
spores forms sporidia which send their hypha* through the stomata. 

Both the uredospores and the teleutospores protrude their hypha^ from certain 
definite portions of their surface at which the cuticularised external membrane (the 
exospore) is cither wanting or is very thin. Each uredospore presents from three to 
six such areas lying in its equator, and each tclcutospore has one in each cell. The 
teleutospores may be single, as in Uromyces , or in pairs, as in Puccima , or three may be 
aggregated together, as in Triphragmium , or even four, as in Phragmidium . They 
germinate, usually after a considerable period of rest, in the spring, but occasionally 
immediately after their formation ( Roeste/ia , Puccinia Dianthi). 

In order to illustrate their life-history, I select as an example the Fungus the 
uredospores of which produce the * rust ’ of Wheat, the ACcidium Herberidis , hitherto 
known as Puccinia Graminis, 

On the leaves of Herberts vulgaris are found in the spring yellowish swollen spots, 
where dense masses of mycelial filaments are interposed between the parenchyma-cells 
(Fig. 223, A and i, the felted mycelium, lying between the cells, being indicated by 
dots). In these swollen spots are found two kinds of fructification, the Spcrmogonia , 
which are produced somewhat earlier, and the ACcidia. The spcrmogonia (Fig. 223, /, sp) 
are urn-shaped receptacles surrounded by a layer of mycelium as an envelope; hair-like 
threads which clothe the cavity protrude in the form of a brush from the opening of 
the spermogonium, penetrating the epidermis of the leaf; the bottom of the spermo- 
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gonium is covered with short mycelial branches, from the ends of which are detached 
numerous very small spore-like bodies, the Spermatid . It has already been stated that 
their significance in the development of the Fungus is unknown. I'hc aecidium-fruits 
lie at first beneath the epidermis of the leaf, where they form a tuberous parenchymatous 
body (A), also surrounded by an envelope of fine mycelial filaments. When mature the 
aecidium breaks through the epidermis of the leaf and forms an open cup, the wall of 
which (the peridium, p) consists of a layer of hexagonal cells arranged in rows, which 
are produced at the bottom of the cup from basidium-like mycelial branches. The 
bottom of the cup is occupied by a hymenium, the hyphse of which have their apices 



Fir;. 23^ —t'uct unit Gtamtnis. A pari of a vcrlii al section of a leaf of Kcrfifrt's vufoau\ with a young ,'i‘cidium-fruit ; 
I section oflenf of Jicrforts with speruiogoniu r/ anil a i.uimindriuts a ; f> then peridium; .it \ is the natural thickness of the 
leaf which is enormously thickened between .v and ,v. //a mass ot teleutuspores on a leaf of Couch-grass ; e the ruptuicd 
cpidetims; d the hypodcrimd fibres, t tulcutosprn es ; 111 part of a mass of urednspotes t/r wltii one (deutospuic t, 

sh sub-hymcmal hyplue (A and / fiom nature ; 11 and 111 after De Lary). 


directed outwards and are continually detaching newconidia-likc spores, which, originally 
of a polyhedral form in consequence of pressure from opposite sides, afterwards become 
rounded, and separate from one another at the opening of the cup (/, a). The peridium 
itself has the appearance of a peripheral layer of similar spores ; its cells however remain 
united, and, like the spores, contain red granules. The accidiosporcs produced upon 
the leaves of Herberts only develope a mycelium when their germination takes place 
upon the surface of a leaf or stem of Grass (as Wheat or Rye). The germinating fila- 
ments then penetrate through the stomata, and the mycelium produced in the paren- 
chyma of the Grass generates within 6 or io days the uredospores (///, ur) i which are 
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formed in cushion-like masses of mycelium upon densely-crowded branches (basidia) 
directed outwards immediately beneath the epidermis. They contain red granules and 
are perceptible with the naked eye *is narrow long red projections upon the leaves and 
stems of Grasses. These urcdosporcs arc dispersed after the rupture of the epidermis, 
and germinate after some hours upon the surface of the Grasses (Fig. 224, D) : in these 
they form new mycelia which, in 6 or 10 days, bear uredospores again. While 
the Fungus is multiplying in this manner for several generations on Grasses during 
the summer in its uredo-form, the production of a new form of spores begins in the 
older uredo-fruits ; the long two-celled teleutospores begin to be formed near the 
roundish uredospores (Fig. 323, 7/7, /). The formation of uredospores in the uredo- 



Fir. 224 — Pure fiim Grtttniim. *f i*« rmm.itiny tflrntmsporc t, tht* f>rottiyt Hittm of which forms the* sporuli.i 
Itn proinji elium (aftet "I ulasnr J , C a piece of the epidermis of the lower surface of the leaf of Jirrbens vui^ntts with q 
Kermmatuin sporidmiu r pi i its pcnniiutinif filament penetrating the epidermis ; /> a ^ermmntin^ medospore 14 hours after 
dissemination (after Oc Mary, /. 1.). 

fruits then entirely ceases, and teleutospores only are produced (Fig. 223, //), and with 
them the period of vegetation closes. The teleutospores persist on the grass-haulms 
through the winter, and do not germinate till the spring; they emit from their two cells 
short septate germinating filaments (Fig. 224, A , B ), the promyeelia, at the ends of 
which, on slender branches, the sporidia are produced. T hese sporidia develope a new 
mycelium only when they germinate on the surface of the leaves of the Barberry; their 
mode of germination differs from that of the other forms of spores, their germinating 
filaments penetrating, as in the Pcronosporeac, into and through the epidermis- cell (Fig. 
224, C, sp and /), and thus reaching the parenchyma. They there form a mycelium 
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which produces the swelling of the leaf constituting the first stage which we considered, 
a mycelium which bears spcrinogonia and aecidium-fruits. 

The genus Roestelta possesses no uredospores. Its aecidium-fruits which make their 
appearance in July and August upon the leaves, petioles, and fruits of the Pomaceae 
( Pyrus , Cydonia , Sorbus ) resemble long-necked flasks and may become as much as eight 
millimetres long; they open either at their apices or laterally by means of slits. The 
chains of spores present a peculiarity which occurs also in other instances, that between 
any two spores there lies a sterile cell which subsequently decays. The teleutospore- 
fruits belonging to Roestelta (formerly known as Gymnosporangium) appear upon species 
of Juriiperus in the spring as spherical, conical, clavate, tongue-shaped, or palmate gela- 
tinous masses of a yellow or brown colour. They consist of closely-placed basidia 
arising from the mycelium which extends beneath the epidermis of the leaves and in 
the cortex of the branches, and bearing the teleutospores. The teleutospores resemble 
those of /Kcidium Berberidis , and like them produce promycelia on germination, the 
sporidia of which reproduce Roestelta with arcidium-fruits upon the leaves of Pomaceac. 

Under the name of Hypodcrmie® De Bary unites the Uredinca: with the Ustila- 
ginca*, which, however, do not seem to be very closely related to them. The 
TJstilagme ® 1 (Smuts) are parasitic' in the tissues of Phanerogams, especially of Grasses, 
in which their mycelium ramifies without at first effecting any injury. It is only when 
the fructification, consisting of spherical dark-coloured conidia, is formed that the 
vegetable organ in which it occurs becomes deformed : this usually swells up into 
a vesicle, the whole of the internal tissue being absorbed and replaced by a black 
powder, the conidia of the Fungus. Maize seeds are in this way converted by the 
Vstilago Maidis into vesicles of the size of a nut, which, on bursting, liberate the 
powdery conidia; Oats attacked by the smut are entirely filled with the conidia of 
Tilletia caries. The germinating conidia produce a small promycelium which bears 
sporidia: the hypljae developed from the sporidia penetrate into the sprouting grain 
and the mycelium continues to grow until it produces conidia in the ears. 


C. TllR I! ASTDIOM YCF.TES 2 . 

Although this division includes the largest and most beautiful of the Fungi, yet 
it is just here that our knowledge of their life-history is most imperfect. All that 
is certainly known is that the basidiosporcs developed upon the large fructifications 
consisting of masses of hypha;, germinate, forming mycelia, and that at a later 
period these mycclia bear fructifications. A development of sexual organs, by 
means of which the formation of the fruit could lake place, has not as yet been 
observed upon the mycelium ; still, a consideration of our knowledge with regard to 
the Ascomycetes, more especially the Discomycetcs, makes it at least probable that 
the spore-producing fructification is to be regarded as a true fruit which owes its 
origin to the as yet undiscovered sexual oigans existing upon the mycelium 3 . 
However this may be, the whole process of development naturally divides itself in 


1 [Tulasne, Memoircs sur les Ustilaginees ; Ann. Sci. Nat., ser. 3, VII, ser. 4, II. — T)e Bary, 
Utilers. ut:b. die Brandpilze, Berlin 1S53. — Fischer von Waldheim. Aper^u systematique des Ustila- 
ginees, Paris 1877. — De Bary, Protomyces tnicrosporus und seine Vcrwandten, Bot. Zcitg. 1874.] 

a See De Bary, Morphol. u. Physiol, der Pilze, Flechten, und Myxnmyceten, Leipzig 1866. 

* [From the researches of Brefeld (Basidiomycetcs, 1877) it appears that these plants have no 
sexual reproduction. Their large fructifications are comparable to the asexual conidia-ljcaring 
fructifications of the Ascomycetes. The so-called ‘basidiosporcs’ are, like the ‘nicclospores* and 
‘teleutospores’ of the zKcidiomycrtcs, merely conidia.] 
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this case also into two principal stages, the first being that of a filamentous mycelium 
derived from the spores, the second, that of a fructification of solid tissue pro- 
ducing numerous spores. No other organs of reproduction are known to recur with 
certainty in the Basidiomycetes (see De Bary, he. cii.). 

The external form and the internal structure of these fructifications vary to 
a very great extent, but the formation of the spores takes place upon one common 
plan. Certain branches of the fertile hyphae become swollen so as to be club- 
shaped, and constitute the cells which bear the spores, the Basidia. Each basidium 
produces simultaneously two or more, usually four, basidiosporcs (or even eight). 
They are formed by the outgrowth of the wall of the basidium into delicate papilla) 
which become spherically or ovally dilated at their free ends : each of these dilata- 
tions becomes invested by a firm membrane, and is a spore which remains for a time 
upon the pedicle but at length falls off. 

The basidia are developed simultaneously in large numbers and arc usually 
closely arranged parallel to each other; in this way the hymenia are formed, which, 
among the Hymenomycetcs, contain, as in the Discomycelcs, sterile cells (para- 
physcs) among the fertile ones (basidia). If the hyrnenial layer clothes its free 
external surface, the fructification is said to be gyinnoearpous ; if, however, it lines 
cavities within its tissue, the fructification is said to be angiocarpous. 

The majority of Basidiomycetes grow upon humus, or soil containing decaying 
vegetable matter ; some devclope their mycelium in old wood, as in the cortex 
of living tree-trunks ; the smaller forms use fallen leaves and decaying branches as 
their substrata. More rarely they occur as true parasites upon living vegetable 
organs. 


The following account will suffice to draw attention to some of the most widely 
differing forms which are of morphological importance. 

(1) The simplest form of fructification is found in Exobasidium Vaccinii 1 , the 
mycelium of which is parasitic in the leaves and stems of V actinium Vtt'ts ultra. On 
the surface of the organs which it has attacked, the mycelium directly bears a hyme- 
nium consisting of closely-packed basidia, each bearing four spores. 

(2) The gelatinous Fungi, Tremellineaa, which grow upon dead wood or upon the 
trunks of old living trees, produce fructifications of a gelatinous consistency and of 
irregular form, usually occurring as thick rugose incrustations. The delicate hypha j 
run in the gelatinous mass and form the hymenia at the surface. The formation of the 
spores takes place in a more complicated manner than in the other Basidiomycetes 2 . 

(3) Among the Hymen omycetes the best known and most abundant species are 
those commonly known as Mushrooms. The structure which is usually called the Fungus 
is the fructification which springs from a mycelium vegetating in the ground, or on wood 
or some other substance. Usually, but not always, the cap (pileus) is stalked ; on its under- 
surface the hyrnenial layer lies upon projections of the substance of the pileus of various 
forms. In the genus Jgaricus these projections consist of numerous lamella; attached 
vertically and running radially from the summit of the stalk to the margin of the pileus; 
in Cyclomyces the lamellae form concentric circles ; in Polyporus and Dtrtlalea they ana- 
stomose in a reticulate manner ; in Boletus they form closely crowded vertical tubes ; in 
Fistulina the tubes stand alone; in Hydnum the lower side of the pileus is covered with soft 

x Woronin, Bcricht dcr naturf. Gesellsch. in Freiburg, vol. IV. 1867. 

* See Tulasnc, Aim. dcs Sci. Nat., 3rd series, vuh XIX. [Also, ib. ser. 5, XV, and Brefeld, 
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dependent spines like icicles, the surface of which bears the hymenium, &c. In many 
cases the fructification is naked ; in others the lower side of the pileus is covered with a 
membrane which is afterwards ruptured ( velum partial?), or the pileus and stalk are both 
enveloped in such a membrane (•velum urivversale) ; or finally, in a few species ( Amanita ) 
both are found. This formation of a velum is connected with the entire growth of 
the whole fructification ; the naked pilei are essentially gymnocarpous, those covered by 
a velum indicate a transition to the angiocarpous fructifications of the Gastcromycctes. 
Agaricus variecolor is to a certain extent an intermediate form between those with naked 
pileus and those furnished w^h a universal velum. The fructification in this species 
arises as a slender cone on the mycelium (Fig. 225, /, a , b ), consisting of parallel 



I'll., A i'ttt u u\ wrift 1 •//*»• 1 1 • 1 y < «*1 iiilti »i, witli 

fructifications a b (natui.il m/c) ; > longitudinal section of mu ol 
t lie latter (magnified) ; 1! an older fructification, w nh i onnm m i - 
metit of the formation of tlie pileus ; /// the same m longitudinal 
section ; //', i more mature pileus, /• file >elum. 'J lie lines m the 
sections imln ate the ionise of the hypha . 



hypha: growing at the apex (/, r) ; an outer layer of hypha*. is present at an early stage 
surrounding the whole body as a loose envelope ; afterwards the direction of growth 
alters, the branches of the hyphse turn outwards beneath the apex (//, HI) and thus form 
the pileus (/r), the margin of which continues to grow centrifugally ; the lamella*, are 
formed on its under-surface : as the distance of the margin of the pileus from the stalk 
increases, the loose peripheral layer of hyphae becomes stretched ( IP, , i»), and forms a 
rudimentary universal velum. An example of the formation of a stalked pileus with a partial 
velum is afforded by the common mushroom (Agaricus campcstris). Fig. 226 shows at A a 
small piece of the greatly extended reticulately anastomosing mycelium (w), from which 
spring a number of fructifications ; these are at first solid pear-shaped bodies composed 
of young hyphac all similar to one another. At an early stage the tissue of hypha* gives 
way beneath the apex, leaving an annular air-cavity (//, /), the upper wall of which forms 
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the under-side of the pileus ; and from this the radial hymenial lamellae grow downwards 
(III, l), filling up the air-cavity. The hyphac run from the base of the whole fructification 
to the margin of the pilcus, forming the outer wall of the air-cavity; the tissue lying in 
the centre elongates into the stalk (IP, st), while the distance from it of the margin of 
the pileus constantly increases ; the hyphae which lie beneath the air-cavity that con- 
tains the lame he become stretched in consequence, and separate from the stem from 
below upwards, forming a membrane (P, ?•), running from the upper part of the stalk 
beneath the lamellae to the margin of the pileus, into which their hyphac are continued. 
When at length the pileus extends horizontally from tl\(p elongation of the tissues, the 

membrane (velum) becomes detached 
from its margin, and hangs from the 

8 ! ^ stem like a ruflle (annulus)* (Compare 

''ft ft (ft | a,sw Fi S‘ 79, P. 96, Boletus jhvvidus.) 

1 y I 1H A The hymenium, as has already been 

; I V'H V j mentioned, covers the surface of the 

1 1 \\ \ |j ji J 1 lamelliform, peg-shaped, or tubular 

f • I / / projections of the under-side of tWb 

^ ,! ’ !; 1, i pileus. A transverse section of the 

^ vJ \j] J latter across the h>menium gives, in all 

1 j three cases, nearly the same figure, as 

J'J LJf is sccn * n ** itf- 2 2 7, drawn from Agaric us 

ft ff}\ S canipestris. A shows a piece of the disc 

£ 1 j I v °f the pileus cut transversely, b the 

f l grin' substance of the pileus, / the lamella*; 

^ / J/rf 1 ffl 1 in B a piece of a lamella is more strongly 
n / $'( w J magnified to show the course of the 

^ h yP ha -- The substance of the lamella, 

ffltrXR \\ m 1 called the Trama (/), consists of rows 
//)) b I' 7-i Jj °f long cells, which diverge from the 

ft | K^fl centre right and left to the outside, 

J hn \fj IJ I where the cells of the hyphac are short 

^7 aTk l V ft I an ^ rou nd, and form the sub-hymenial 

^ | j\ i/j j layer (sh in B and C). From these short 

( 1 cel,s s P r ^ n K the club-shaped cells (q), 

L r dJr / densely crowded and at right angles to 

pllj f I I the surface of the lamella, forming 

J / (l u P together the hymenial layer (2$, by), 

/ylj S I j Many of these remain sterile, and are 

CP' j/f JfJ / called Paraphyses , others produce the 

*rC)/ ^ J-J* spores and are the Basidia . Kach basi- 

C — — * ' ^ ' P ’i 1 dium produces in this species only two, 

Fir.. IT; utm^rr, r. strm turc «.f mo hyincnmm ; a, n j n 0 ^er Hymenomycetes usually four 

iliglitly magnified ; ( .1 pari (if J t (x 3*1). I he protoplasm is indicated by 44 4 

me dots. spores. The basidium first of all puts 

out as many slender branches (/) as 
there are spores to be formed ; each of these branches swells at the end, the swelling 
increases and becomes a spore (j", s'"), which falls from the stalk on which it was 
placed, leaving it behind (s""). 

On the formation of the tissue of this group only one further remark need be made ; 
that in the fructification of some Agaricinae (t-.jf. Lactarius) some of the much-branched 
hyphae are transformed into laticiferous vessels, from which large quantities of latex flow 
out when they are injured. 

(4) The Gasteromycetes 1 agree with the previous group in the mode of formation 
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Fir., i-r; -*U r <T 
slightly magnified ; 
fine dots. 


a mpt i fr/r , strm turc of the hymefimm ; A, R 
ri df l i (x 1 he protoplasm is indicated by 


1 [De Hary, Morphol. und Physiol, d. Pilze, 1866. — Brcfeld, Basidiomycctes, p 175.] 
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of their spores (eight spores are often produced on a basidium) ; but their fructifications 
are always angiocarpous. The hymenia are formed in the interior of the fructification, 
which is at first usually spherical, or at any rate docs not present externally any distinc- 
tion of parts. The spores are disseminated by means of remarkable differentiations of 
the different layers, the growth of particular masses of tissue, or the simple bursting 
of the outer layer (the peridium). The nature of these processes, which are extremely 
various in their external appearance, may be understood from two examples. The first 
example, Crucibulum vulgnre 1 , is selected from the beautiful !NidulariesB. The my- 
celium forms a small white crust of branched hyphse, which extend over the surface of 
wood. In the middle of the crust the filaments are interwoven into a roundish body, the 
rudiment of the fructification ; this grows by the intercalation of new branches of the 
hyphec, and gradually assumes a cylindrical form. The outer hyphse form at an early 
stage yellowish-brown branches, which are again branched and directed outwards, form- 
ing a dense covering of hair. While the spherical fructification is becoming changed 


A 






'u*n vulgar?; A , B % < 
ti (slightly magnified); 
leaily mature (natural 


l-lt.. aau — Crudbulum vulptitc, longitudinal section through the 
ii|>l»ei part of a young' fructification (x about tlu* same as Tig. ai>K, /:). 
The section is seen by transmitted light ; the dark parts in the mtetior 
are those where air o<,< urs between the liyph.v; at the light parts a 
transparent mucilaginous substance free from air has formed between 
the hyphne. The light parts of this figure arc dark In the previous nut s 



into a cylinder, a large number of brown threads shoot out from it (Fig. 228, C, rf ), 
which form a firmly-woven layer, the outer peridium, and on the outside of this a dense 
mass of radially projecting hairs. The walls of the hypha? of this part assume a dark 
colour, but the inner tissue remains colourless (Fig. 228, A); its apex increases in 
breadth, the hairs separate from one another, and the outer peridium ceases to exist at 
the apex (Fig. 229, ap). In the meantime the differentiation of the tissue commences in 
the interior of the Fungus, which is at first formed of densely-woven much-branched 
hyphse, enclosing amongst them a considerable quantity of air which gives the whole 
a white appearance. Certain portions of the air-containing tissue become mucilaginous 
and freed from air; between the threads is formed in some places a hygroscopic 
transparent jelly, while in others none is produced. The conversion into mucilage 
begins first below the surface of the white medulla (Fig. 228, A ), and its outer layer is 
thus transformed into an inner peridium which is a colourless sac projecting beyond the 


1 Compare Sachs in Hot. Zeitg. 1855. [See also Tulasne, Annalcs des Sei. Nat. 1844, vol. I; 
Eidam, in Cohn’s Beitriige, vol. 2, 1877.] 
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dark outer peridium, and composed chiefly of branches of hypha? running longitudinally 
upwards (Figs. 2*29 and 230, ip). While this differentiation is proceeding from below 
upwards, small mucilaginous areolae form at certain points in a deep layer of the white 
air-containing medulla, also proceeding from below upwards, like all the succeeding 
differentiations (Fig. 228, B , and Fig. 229). The formation of mucilage advances at 
the same time from the inner peridium inwards, and leaves round each of the muci- 
laginous areola* a border of air-containing tissue (Fig. 229), which afterwards developes, 
by the dense interweaving of its branched hyphae, into a firm envelope consisting of two 
layers, in which the mucilaginous areola lies. Each of these areola: becomes a hyme- 
nial chamber. While the centre of the Fungus is becoming changed into mucilage, 



J >'• <■ nit ttni/titn v.ilmtr. Inn^itmltnal m.-> tn>n through tli 

upper p.ut of tlic i.^lu Mdi- of tin- mat me lrut till* alion. showing th 
course of the filament*. ; foi the sake of rl earn ess the number of filament 
has been reduced and their thu kness incnsised. 



tin; 1/ the stalk of the pilcus l not yet 
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y of the stalk, filled with watery jelly ; 
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tomes detruhid by the clonyulioi 
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the chambers grow into lenticular bodies ; a mucilaginous point has appeared at an 
early stage on the lower and outer part of each chamber, and forms its umbilicus. 
F rom it a denser bundle of threads runs downwards to the peridium, the umbilical 
bundle (Fig. 229, », and Fig. 230, ns); this is itself surrounded by a conical bag (/) 
which surrounds the bundle like a loose sheath. This sheath eventually becomes 
mucilaginous ; the bundle runs upwards into the mucilaginous depression of the 
umbilicus, where it is resolved into its threads which are now more loosely connected. 
The mucilaginous tissue in the interior of each chamber disappears, leaving a len- 
ticular space similar in form to the chamber itself; and from the inner layers of the 
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hyphae of the chamber branches now arise which are directed inwards and form the 
hymen ium. Each chamber is therefore clothed on its inner surface by a hy menial 
layer formed of paraphyses and basidia; each of the basidia produces lour spores 
on short stalks. As the Fungus matures, the upper part of the peridium becomes 
stretched and flat, forming the Epipbragm; it afterwards ruptures and disappears, and 
the Fungus thus opens into a cup. The mucilage which surrounds the chambers dries 
up, and the chambers now lie free in the cup formed by the peridium, held by their 
umbilical bundles, which, when moistened, may be drawn out into long threads. If we 
imagine the chambers more numerous and more closely packed and with less dense walls, 
we obtain an explanation of the roundish cell-like loculi which occur in the fructification 
of other Gasteromycctes (as Octainania , Scleroderma , &c.). 

Still more remarkable are the changes produced in the Phalloideaa 1 by internal 
differentiation of the tissues; but of these only the most important points can be 
illustrated in the case of Phallus impudicus. Here also the young fructification 
formed on the underground perennial mycelium is at first a homogeneous convolution 
of hyphal filaments, in which differentiation begins and advances during growth. 
When the body has attained the size and form of a hen’s or even a goose’s egg, 
a longitudinal section gives the appearance represented in Fig. 231. The tissue 
consists at this time of different portions which may be classified into four groups — 
(1) The peridium, composed of an outer firm, thick, white membrane («), of an inner 
white, firm, but thin membrane (i), and of an intermediate thick layer of mucilaginous 
hyphae (g), (the gelatinous layer) (2) The spore-forming apparatus or Gleba (. sp ), 
bounded on the outside by the inner peridium (/), on the inside by a firm thick layer 
(f) from which walls project outwards united in a honeycomb manner dividing the 
gleba into a number of chambers. In these chambers the fertile branches of the hyphae 
are found in great numbers, and on their basidia are formed four or more spores ; so 
that, when ripe, the dark-green gleba appears to consist almost entirely of spores: 
(3) The stalk (st) y formed of air-containing tissue hollowed into a large number of 
very narrow chambers; its axial portion is transformed into a deliquescent jelly, and 
the canal thus formed is open above in some individuals, in others it is closed by 
the inner peridium: (4) The Cup («) forms a low broad column of firmer tissue, 
the outer part running upwards into the inner peridium, and sending up at the same 
time a layer which becomes softer between the stalk and the inner membrane of 
the gleba ( t ) ; the base of the cup is continuous with the outer firm peridium. In 
this slate the spores ripen ; but for the purpose of their dissemination a great elon- 
gation of the stalk (st) takes place; the peridium is ruptured at the apex, the gleba 
becomes detached from the inner peridium, this latter splitting at *, and the mem- 
brane t becoming detached below. The gleba is by this means raised up high above the 
peridium on the apex of the stalk, while the stalk attains the height of from 6 to 12 
inches. This elongation is brought about by the expansion of its chambers, which 
give the mature stalk the appearance of a coarsely porous sponge ; it increases in 
thickness in proportion to its increase in length. The spores now drop off the gleba 
in masses, the sporiferous hyphsr deliquescing into thick tenacious mucilage; till at last 
nothing remains of the gleba but the membrane (*) with its honeycombed walls, which 
depends like a frill from the apex of the stalk, and is called the pileus. The peculiari- 
ties in the details of these processes exhibit the greatest variety in different species of the 
Phalloidcx. 


1 [Du IJary, Bcitr. zur Morphol. u. Physiol, tier Pilze. I. 1864.] 
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GROUP II. 

MUSCINEyE. 


The Liverworts (Hepatic®) and Mosses (Musci), which are comprised under 
the term Muscineie, are distinguished by a sharply-defined Alternation of Generations. 
From the germinating spore is developed either immediately a sexual generation 
rich in chlorophyll and self-supporting (as in most Hcpaticxd, or a confervoid 
thall6s is first formed (Pro ton cm a), out of which the sexual generation grows as 
a lateral shoot (as in some Hepatic® and all Mosses). In the female sexual organ 
of this first generation there arises, as a new generation — the result of fertilisation 
a structure of an entirely different form, which is destined exclusively for the 
asexual production of spores. Without being organically united to the previous 
generation, this structure is nevertheless nourished by it, and appears, when ob- 
served externally, simply as its fruit, like the smaller fructifications of the Thallo 
phytes. Since however it is an organism of an altogether peculiar kind, it may 
be desirable to give it a special name, which shall at once exclude any false analogy 1 ; 
I propose therefore to call it the Sporogontum. 

The Sexual Generation (Oophore) of Muscine® which is produced directly from 
the spore or with the intervention of a protonema, is cither a flat leafless thallus, 
as in many Hepatic®, or a slender leafy stem, often much branched. In both cases, 
which are united by gradual transitional forms 2 , a number of root-hairs are usually 
formed, which fix the thallus or the stem to the substratum. In some cases this 
vegetative body scarcely attains a length of i mm., but in others as much as 
from 10 to 30 cm. or even more, and ramifies copiously. In some of the smallest 
forms its term of life is limited to only a few weeks or months; in most it may 
be said to be unlimited, since the thallus or the leaf-bearing stem continually grows 
at its apex or by a process of renewal (Innovation), while the oldest parts die off 
behind. In this manner the branches become finally independent plants ; anti this, 
as well as the multiplication by gemm®, stolons, detached buds, the transformation 
of hairs into protonema (in Mosses), &c., serves not only to increase enormously 
the number of individuals formed by the asexual method, but is also the immediate 
cause of the social or cespitose mode of growth of these plants. Many Mosses 
in particular, even those which only rarely fructify, may in this manner form dense 
masses extending over considerable areas (as Sphagnum , Hypnum , Mnium> &c.). 

1 It is incorrect, for instance, to regard the ‘fruit’ of a Moss as the morphological equivalent of 
the sporangium of a Rhizocarp or of the fruit of a Phanerogam. 

* From the great similarity of the true leafless thallus of some Hepatic® to the thalloid steins 
of others furnished with leaves on the under side, it will be convenient to use the term ‘thalloid 
forms’ for both; the term including both a true thallus U. g. Anthoceros) and also a thalloid stem 
(as in Marchantia). 
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The sexual organs are Anther idia and Archegonia, The mature antheridium is 
a body with a longer or shorter stalk, of a spherical, ellipsoidal, or club-shaped form, 
the outer layer of its cells forming a sac-likc wall, while each of the small and very 
numerous crowded cells enclosed within it developes an antherozoid. The anther- 
ozoids are freed by the rupture of the wail of the antheridium at the apex ; they 
are spirally coiled threads thicker at the posterior and tapering to a fine point at 
the anterior end, at which are placed two long fine cilia, the vibrations of which 
caus~ their motion. The female organs, which since the time of BischofT have been 
called archegonia, are, when in a condition capable of being fertilised, flask-shaped 
bodies bulging from a narrow base and prolonged info a long neck. The wall 
of the ventral portion encloses the central cell, the inferior and larger part of which 
forms the oosphere. Above this begins a row of cells which passes through the 
neck in an axial direction, and is continued as far as the cells which form the 
so-called ‘Stigma/ The cells of this axial row become broken up before fertili- 
sation, and transformed into mucilage which finally swells up and forces apart the 
four stigmatic cells. In this manner an open canal is formed, which leads down 
as far as the oosphere, and enables the antherozoids to enter it. 

The great diversity in the origin of the sexual organs of Muscinese is of 
great importance. In the thalloid Hepalicae these organs arise behind the 
growing apex from the superficial cells of the thallus or of the prostrate thalloid 
stem, or on specially metamorphosed branches (as in the Marchantieoe) ; in the 
foliosc Jungermannieae and in the Mosses not only the antheridia but also the 
archegonia may be formed from the apical cell of the shoot or from segments 
of it; in this case they may take the place of leaves, or of lateral shoots, or 
even of hairs. Thus the antheridia appear as metamorphosed trichomes in the 
axils of the leaves of Radu/a, as metamorphosed shoots in Sphagnum , as apical 
structures and also as metamorphosed leaves in Fontinalis . In the same manner 
the first archegonium of the fertile shoots of Andraca and Radula arises from the 
apical cell, the later ones from its last segments; and this is probably the case in 
Sphagnum, 

The antheridia and archegonia arc usually produced in great numbers in dose 
proximity; in the thalloid forms of the Ilepalicse they are generally enveloped 
by later outgrowths of the thallus; in the foliose Jungermannieai and in Mosses 
several archegonia are commonly surrounded by an investment formed of leaves 
which is termed the Perichuiium ; in Mosses the antheridia (with sometimes some 
archegonia) are usually borne in this manner also, while the antheridia of the 
Jungermanniese and of Sphagnum stand alone. Very commonly, especially in the 
foliose kinds, Paraphyses, i.e. articulated threads or narrow leaf-like plates of cells, 
are developed by the side of the sexual organs. Besides the peiichaetium, there 
is also often in Hepatite (but not in Mosses) a so-called Pcrigynium , which grows 
as an annular wall at the base of the archegonia, and finally surrounds them as an 
open sac. 

The Asexual Generation (vSporophore), the Sporogonium, arises in the archego- 
nium from the fertilised oosphere (oospore). It first developes by repeated cell- 
divisions into an ovoid embryo, growing at the end turned towards the neck of 
the archegonium, that is, the apex. Its final form is very different in different 
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sections. Jn its lowest type (in Riccid) it is a globe, the outer cell-layer forming 
the wall, while all the inner cells become spores. In all other cases the sporo- 
gonium becomes differentiated externally into a stalk, which may be short or 
long and slender, termed the Seta, and which penetrates into the bottom of the 
archcgonium and even into the underlying tissue, its base often becoming dilated, 
forming the Foot , and a Capsule .(Urn or Theca) turned towards the neck of the 
arehegonium, in which the spores arise. Together with the spores, long ceils 
thickened by spiral bands, the Elaters , are also produced in most Ilepaticse. The 
internal differentiation of the spore-capsule is, in addition to this, very varied, and 
attains a very high degree of complexity, especially in the Mosses. 

While die sporogonium is developing, the ventral portion of the archcgonium 
also continues to grow ; its cells rapidly increase in number, and it thus becomes 
broader, enclosing the young sporogonium, and, in this condition, is termed the 
Cahptra . Its behaviour supplies distinctive characters for the larger groups. In 
the lowest Ilepatiov ( Rncia ) the sporogonium remains always enclosed in the 
calyptra; in the higher Ilepatica* it protrudes only after the ripening of the spores, 
its seta elongating suddenly, and the capsule protruding from the ruptured calyptra 
for the purpose of disseminating the spores, the calyptra surrounding the base of 
the seta as a cup-like membranous structure. In the typical Mosses, on the 
other hand, the young sporogonium first assumes the form of a greatly elongated 
fusiform body, which, even before the development of the capsule, exerts a strong 
upward pressure upon the calyptra, which becomes ruptured at its base, and 
is raised up by the young spoiogonium in various forms; the seta penetrates 
deep down into the tissue of the stem, by which it is surrounded as a sheath 
( Vagina la). 

The spores of the Muscineae arise in fours; the mother-cells — which had 
previously been united into a tissue with the surrounding cell-layers, hut had 
become isolated even before the formation of the spores — show a rudimentary 
division into two previous to complete division into four. The number of the 
mother-cells and the place where they are produced in the sporogonium depends 
essentially on the internal differentiation of the latter. The ripe spores show a 
thin cuticle (the exospore) provided with small excrescences, which is ruptured on 
germination by the inner layer of the cell-wall (the endospore). Their contents con- 
sist, in addition to colourless protoplasm, of chlorophyll-granules, starch, and oil. 

The Differentiation of the Tissues of Muscinene is very various, and more con- 
siderable than in the Alga:, but less so than in the Vascular Cryptogams. Fibro- 
vascular bundles are not found ; only in the stem and leaf-veins of the more perfect 
Mosses is an axial bundle of elongated cells differentiated, which may be con- 
sidered as a slight indication of a fibro-vascular system. The Marchanticae, on 
the other hand, show on the upper side of their thalloid sterns, and the Mosses on 
their thecae, a distinctly differentiated epidermis, which usually also forms stomata. 
The cell-walls of the Muscinca: are generally firm, often thick, tough, and elastic, 
and in this case frequently of a brown, bright red, or violet colour. The tendency 
towards the formation of jelly and mucilage, so general in the Thallophytes, is not 
found in the Muscineae, with the exception of certain processes in the mother-cells 
of the spores. Various forms of thickening are not uncommon, especially in the 
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spore-capsule, in the spiral bands of the elaters of Ilepaticse, and in the formation 
of the epidermis and peristome of the thecas of Mosses. 

Classification (f Musctneai . The sexual generation is developed from the spore, 
generally after the previous formation of a protonema. It is the longest-lived of the 
two generations, and constitutes the self-supporting vegetative body of these plants, 
presenting cither a flat dichotomously branched thallus, or a thalloid stem, or a filiform 
stalk furnished with from two to four rows of leaves. True fibro-vascular bundles 
are not developed. The archegonia and antheridia are, except in the simplest thalloid 
forms, stalked multicellular bodies, usually free, but sometimes buried in neighbouring 
masses of tissue from the subsequent growth of these latter. The central cell of the 
ventral part of the archcgonium undergoes division, a ventral canal-cell being cut off, 
and the remainder of its protoplasm constitutes the oosphere by rejuvenescence. The 
antherozoids are spirally coiled threads with two cilia on the anterior pointed end. 

The asexual generation or sporogonium arises from the fertilised oosphere within the 
actively growing ventral part of the archcgonium, which becomes developed into the 
calyptra. The sporogonium is nourished by the sexual plant; it has therefore no 
independent existence, and appears externally as an appendage to it. It is usually a 
stalked capsule, in which usually a number of cells are developed into the mother- 
cells of the spores; and from these the spores are formed by division into four after 
bipartition has commenced but has not been completed. 

(t) Hepatic a\ The sexual generation arises either directly from the spore or with 
the intervention of a small inconsiderable protonema. It is developed as a flat dicho- 
tomously branched thallus or a thalloid stem, or finally as a filiform stalk furnished with 
two or three rows of leaves. This vegetative body is usually broadly expanded and 
dings closely to the ground or to some other substratum ; even when the stems grow 
erect there is still an evident tendency towards the distinction of an upper (dorsal) and 
an under (ventral) surface. The mode of growth is hence always distinctly bilateral. 
The asexual generation or sporogonium remains surrounded by the' calyptra until the 
spores are ripe ; the calyptra is usually at length ruptured at the apex, and remains at 
the base of the sporogonium as an open sheath, while the free spore-capsule projects 
above its apex, to allow the escape of the spores. The mother-cells of the spores arise 
either from the whole of the cells except those of the single layer which forms the wall 
of the capsule, or the intermediate cells commonly become developed into elaters: a 
columella is present only in the Anthoccrotcar. 

(2) Musci . The sexual generation is developed from the spore with the intervention 
of a protonema consisting of branched rows of cells and often vegetating for a con- 
siderable time independently, even when it has already produced leafy stems by lateral 
budding. The vegetative body is here always a cormophyte, a filiform stem furnished 
with leaves in two, three, or four rows, usually without any definitely indicated bilateral 
structure, and generally branched in a monopodial, never in a dichotomous manner. 
The asexual generation or sporogonium is only at first formed in the calyptra; after- 
wards this is usually ruptured below (at the vaginula), and raised up by the apex of 
the sporogonium, which it covers like a cap. The capsule, which is now first developed, 
produces the spores from an inner layer of tissue, while a large central mass of tissue 
remains sterile and forms the columella. The wall of the capsule is covered by a 
distinctly differentiated epidermis, the upper part of which usually becomes detached 
from the lower part (the Urn) in the form of a lid, in order to allow of the escape of 
the spores. 
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CLASS V. 

H E P A T I C z£ 


(i) The Sexual Generation (Oophorc) is developed, in some genera, directly 
from the germinating spore, its first divisions resulting in the formation of a cellular 
lamina or a mass of tissue which fixes itself by root-hairs and produces the thallus 
by growth at its apex, as in Anthneros and Pi Ilia. In other eases the body which 
results from the divisions of the spore first forms a narrow ribbon-like lamina of 
cells, the apical cell of which becomes subsequently the apical cell of a stem, and 
its segments form leaves, as in J unger mannia bicuspiilata (according to I lofmeister). 
Or again, the bud of a leafy stem springs immediately from the spore ( Frullania 
dilataia). In other cases, on the other hand, a protonema is formed ; the endospore 
which grows out into the form of a tube produces a short articulated filament on 
which the rudiments of the thallus arc formed as lateral shoots, in a manner similar 
to the leaf-buds of Mosses on the protonema (e.g. Aruura pa/mala , Marchantia). 
In Radula the spore produces first of all a flat plate of cells, from which the first 
bud of the leafy stem springs laterally (f lofmeister), a process which finds its ana- 
logue among Mosses. 

The vegetative body of Hepatic* is always formed in a distinctly bilateral 
manner; its free side, turned towards the light, is differently organised from that 
which faces and often clings closely to the substratum and is not exposed to light. 

In the greater number of families and genera the vegetative body is a broad, 
flat or curled plate of tissue, varying in length from a few millimetres to several 
centimetres ; and is either a true thallus without any formation of leaves, as in 
A nilwceros, Metzger ia, and Ancura , or lamelliforni outgrowths arise on the under 
or shady side, which at the same time produces root-hairs ; and these outgrowths 
may be looked on as leaves. For the sake of having a common expression for these 
forms extremely similar in habit, they may be comprised under the term Thalloid a , 

1 Mirbel, Ueber Marchantia, in the Mem. de 1 ’Acad. des Sci. do l'lnst. dc France, vol. XIII, 

1 835.— G. W. Hisehofl, in Nova Acta Acad. Leopold. Carol. 18.45, v °l- XVII. pt. 2. -C. M. (iottsche, 
ibid., vol. XX. pt. j. — Gottsche, Lindcnberg u. Esenbeck, Synopsis I Iepaticarum, N urn berg, 18.44. — 
I lofmeister, Vergleich Untersuchungen, 1851. -—[On the Germination, Development, and fructifica- 
tion of the Higher Civptogamia : Ray Society, 1H62.] — Kny, Entwickelung der lauhigcn Lebermoose ; 
Jahrb. fur wiss. Hot. \ol. IV. p. 66, and Entwickelung der Kiccicn, ibid., vol. V. p. 359. — Thurcl, in 
Annal. des Sci. Nat. 1851, vol XVI (Anthcridia).— Stiasburger, Gcschlechtsorganc u. Defmchtung bei 
Marchantia; Jahrb. fur wiss. Hot, vol VII. p. 409: [also Befruchtung und Zellthcilung, 1878]. 
— Lcitgeb, Wachsthumsgeschichte dei Radula enm/danata ; Sit/ungsber. der W iener Acad. 1871, 
vol. LXITI. — Ibid., Hot. Zeitg. 1871,110. 7,4, and 187j.no. .4. — A portion of what is said about the 
apical growth of J ungermanniea: is derived from communications by letter from Lcitgeb — Janc- 
zewski. Hot. Zeitg. 1872. — [Lcitgcb, Unters. ueb. Lebermoose, 1874 7 #- Goebel, Zur vcrgl. Anat. 
der Marchantieen, Arb. d. bot. Inst, in Wtiizhurg, II. 3, 1880.] 

2 [The term ‘thalloid’ is here, as on p. 342, preferred to the one in more general use, 
* frondose.’l 
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in contrast to the Foliose Hepaticoe belonging to the family of Jungermannieae, the 
vegetative body of which consists of a small slender filiform stem, bearing distinctly 
differentiated leaves ( Jungermannia , Radnia , Masiigobryum , Frullania, Lophocolea, &c.). 
Between the thalloid and foliose forms of this family are some which present various 
stages of transition (as Fossombronia and Bias to). 

The leaves of all Hepaticaj are simple plates of cells, in which even the 
mid-rib usual in the leaves of Mosses is always wanting. 

*n most of the thalloid forms the growing apical region of each shoot 
(Fig. 232, s) lies in an anterior depression, produced by the more rapid growth in 
length and breadth of the cells which are derived right and left from the seg- 
ments of the apical cell. In the Anthocerotea?, Riccieie, and Marchantica?, there 
is a group of apical cells, and the terminal branching is truly dichotomous. In 
the thalloid Jungermannicae, there is a single apical cell ; the terminal branches 
originate from the youngest segments of this cell, and, from their position in the 
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depression and their active growth, push aside the apex of the primary shoot, 
and form with it a fork (false dichotomy). In the angle between the two bifur- 
cations the permanent tissue increases more rapidly, and forms, so long as the two 
forks are still very short, a projection (Fig. 232 which overtops and separates 

the apical regions, but which, when the forks are longer, is in turn overtaken by them, 
and now appears as an indented angle of the older fork {/). 'The filiform stem 
of the foliose Jungermannieae, on the other hand, ends in a bud as a more or less 
prominent vegetative cone, with a strongly arched apical cell. In this case also the 
lateral branches spring from individual mother-cells, which, however, do not origi- 
nate from the youngest segments of the apical cell, but lie, even at their first 
formation, some distance below the apex ; the branching is therefore, at its 
commencement, distinctly monopodial. 

We shall speak, under the separate sections, of the form of the apical cell, 
which forms two, three, or four rows of segments ; as well as of the origin of the 
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leaves and lateral shoots, since Leitgeb’s researches show that great morphological 
differences occur in the different genera. For the same reason very little of a 
general character can be said, in addition to what has been mentioned above, on 
the habit and anatomical nature of the vegetative body, which must therefore be 
considered under the separate families. 

Tlic Asexual Propagation of Hepaticse is often brought about by the dying off 
of the thallus or stem from behind, the branches thus losing their connexion and 
becoming independent. Adventitious branches, arising in the thalloid forms from 
cells of the older marginal parts, become detached in a similar manner. The 
propagation by gemma is very common and characteristic ; not unfrequently a 
number of cells of the margin of the leaf of foliose Jungermannieae (e.g. in Mado - 
theca) simply detach themselves as gemma; ; in P/asia , on the other hand, as well as 
in A few chaniia and Lunu/aria , peculiar cupulcs are formed on the upper side of the 
flat shoots exposed to the light, which are flask-shaped in Blasia , broadly cup-shaped 
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in Mar chaniia , crescent-shaped and deficient on one side in Lunularia. From the 
bottom of these cupules shoot out hair-like papilla?, the apical cells of which be- 
come transformed into a mass of considerable size constituting the gemma. (See 
Figs. 233, 234.) From the two depressions which lie right and left on the margin 
of the lenticular gemma (Fig. 234, VI) spring the first flat shoots (Fig. 233, B, C), 
when the gemma? have fallen out of the cupule and lie exposed to light on damp 
ground. 

The Sexual Organs are developed, in the thalloid forms, on the upper side 
exposed to light; in Anihoceros in the tissue of the thallus itself (endogenous) ; in 
the other thalloid forms from cells which project like papilla? and are of definite 
origin in reference to the segments of the apical cell. Jn the Marchantieoe branches 
of a very peculiar shape, which have a tendency to shoot upright from the flat 
stem, are formed, producing the antheridia on the upper, the archegonia on the 
under side ; the male and female receptacles may be distributed either tnonceciously 
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or dioeciously. There is a general tendency in the thalloid Ifepatica; for the 
sexual organs to be depressed into hollows by overarchings of the surrounding tissue, 
often opening externally by only a narrow mouth. An example of this is given in 
Fig* 235. 

Jn the foliose Jungermannicae the origin of the antheridia and archegonia is 
very various, and they are also enveloped in different ways. Further reference will 
be made to this in describing the different families. 

The antheridium consists, in the mature state, of a pedicel surmounted by 
a globular or ellipsoid body; in those which are imbedded in the tissue the former 
is usually short, in the free forms it is long, and com- 
posed of from one to four rows of cells. The body 
of the antheridium consists of a wall formed of a single 
layer of cells containing chlorophyll ; the whole of the 
space enclosed by it is densely filled by the mother- 
cells of the antherozoids ; their escape is occasioned 
by the access of water and separation of the cells of 
the wall at the apex ; sometimes, as in Fossombnmia , 
these cells even fall away from one another. The 
small mother-cells of the antherozoids which escape 
in great numbers, separate in the water; the anthero- 
zoids become free, and have the appearance of slender 



threads curved spirally from one to three times, and 
provided at the anterior end with two long very fine 
cilia, by means of which they move in the water with 
a rotating motion. Usually they drag after them at 
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the posterior end a small delicate vesicle, the origin of 


which Strasburgcr traces to the central vacuole in the protoplasm of the mother-cell, 


in the periphery of which the antherozoid has been formed. 


The succession of cell-divisions in the formation of the antheridia has been 


shown by the researches of recent observers to present great diversities in the 
different genera; they agree, however, in the antheridium always making its first 
appearance as a papilliform swelling of a cell from which it is separated by a 
septum. This papilla thus detached again divides into a lower and an upper cell, 
the former of which produces the pedicel, the latter the body of the antheridium 
(parietal layer and mother-cells of the antherozoids). 

The succession of cell-divisions in the formation of the archegonia, from the 
observations of Janczewski 1 , Leitgeb, Kny, and Strasburgcr, appears to be essentially 
the same in the different families, even, mutatis mutandis , among the Anthoceroteae. 
It is certain that the archegonium, like the antheridium, makes its first appearance 
as a simple papilla, which, in the case of the first archegonium of a receptacle 
of Radula , is itself the apical cell of the shoot. This papilla is shut off by a septum, 
and, in Rucia , is at once the mother-cell of the whole archegonium : in the other 
Hepaticae it is divided by a second septum into two cells, the lower one of which 


1 [Janczewski has made a series of comparative researches into the development of the arche- 
gonium of Museinea\ Bot. Zeitg. 1S72, p. 8G9 et seep] 
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produces the pedicel, the upper one the archegonium itself. The lower cell 
undergoes numerous transverse and longitudinal divisions into several rows of cells. 
In the mother-cell of the archegonium there arise three longitudinal walls, by which 
three outer cells arc formed ; these, on their part, enclosing an internal cell which 
overtops them. The three outer cells are divided by radial longitudinal walls and 
thus form five or six investing cells; the median cell is divided by a transverse 
septum into an upper (stigmatic) and a lower cell. After the whole structure has 
increased somewhat in length, it comes to consist of two tiers in consequence of the 
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division of each of the six investing cells, like the internal cell, by a transverse 
septum. The lower tier forms the ventral portion, the upper the neck of the 
archegonium. The internal cell of the ventral portion, the central cell , increases 
considerably in size and is divided by a transverse septum into a large inferior cell* 
the oosphere , and a small upper cell, the ventral canal-cell. Meanwhile the upper tier 
of cells, the neck of the archegonium, elongates; its axial cell dividing into four, 
eight, or sixteen long narrow cells, the canal-cells of the neck. Further transverse 
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and longitudinal walls are formed in the external cells of the ventral portion, and 
a wall consisting of one or two layers of cells is produced ; similarly, the wall of the 
neck, which consists of five or six longitudinal rows of cells, is formed by the 
transverse division of the peripheral cells of the upper tier. The primary stigmatic 
cell divides into the five or six stigmatic cells of the neck. The cell originally 
constituting the pedicel has also undergone both longitudinal and transverse divi- 
sions. Whilst the oosphere is being formed, the walls of the canal-cells of the neck 
and the transverse septum beneath the ventral canal-cell become converted into 
mucilage, the swelling up of which forces the protoplasm of the canal-cells out 
through the opened apex of the neck. (See Figs 236 and 256.) 

(2) The Asexual Generation , the Sporogonium, arises and is entirely formed 
within the growing ventral portion of the archegonium, which from this time is 
termed the Calyptra . The sporogonium does not anywhere unite in its growth 
with the surrounding tissue of the vegetative structure of the sexual generation, 
even when its seta penetrates into it. 

The external form and internal structure of the sporogonium are very different 
in the different groups. In the Anthocerotea; it is when mature an elongated two- 
valved pod projecting from the thallus. In the Ricciex it is a thin-walled ball 
entirely filled with spores, and, together with the calyptra, depressed in the thallus. 
In the Marchantieaj it is a shortly-stalked ball enclosing elaters as well as spores, 
and, after it has broken through the calyptra, bursting irregularly or opening by a 
circular fissure and detaching an operculum. In the J ungerm annieaj it also ripens 
within the calyptra, but breaks through it and appears as a ball borne upon a 
long slender stalk ; the wall consists, as in the Marehantiece and Riccicx, when 
ripe, of a single layer of cells, but separates cross- wise into four lobes, to which 
the elaters remain attached. The elaters are, as in the Marchantieaj, long fusiform 
cells, the delicate colourless outer layer of which is thickened within by from one 
to three brown spiral bands. 

The sporogonium also originates in different ways. [The fertilised oosphere 
is always first divided into two cells by a wall (basal 1 vail) which, in the lower forms, 
is inclined at an acute angle to the long axis of the archegonium, but in the Junger- 
mannieae is at right angles to it. In Riccia the capsule is developed from the whole of 
the oospore : in the Marchantiex and Anthoccroteoe the short seta of the sporogonium 
is developed from the lower or posterior (hypobasal cell) of these two cells, the 
capsule being developed only from the upper or anterior (cpibasal) cell : in the 
Jungermannica? the capsule and the seta are developed from the upper (epibasal) 
cell, the product of the development of the lower (hypobasal) cell being a small 
filamentous appendage upon the dilated base (foot) of the seta. This first division is 
followed by two others at right angles to it and to each other, so that the embryo 
now consists of eight cells (ocianls). The subsequent divisions take place more 
or less irregularly, but it appears that in the Jungermannieze the four epibasal 
octants behave like apical cells, segments being continually cut off horizontally, 
but doubtless intercalary divisions also occur \] When the young sporogonium has 


1 [On the embryology of the Hcpaticsc, see Hofmeister, loc. cil.; Kiemtz-GerlofT, Bot. Zeitg. 
1 ^ 74 ~ 5 »* Lcitgeb, Entw. d. Kapsel von Anthoceros, Silzber. d. Wien. Akad. 1876, and loc. citi] 
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in this manner attained its destined height, and partially even at an earlier period, 
a number of divisions of different kinds take place by which the structure is com- 
pleted. The wall of the sporogonium becomes differentiated from the tissue from 
which the mother-cells of the spores are to arise ; if elaters are formed they originate 
from the same tissue, the cells ceasing to divide transversely at an earlier period 
and remaining long, while the intermediate cells become rounded off and give 
rise to the mother-cells of the spores (Hofmeister). 

The mode of division into four of the mother-cells of the spores also 
varies. Those of Anlhoaros form at first two, and afterwards four, new nuclei 
which are arranged tetrahed rally, the protoplasm dividing before the nucleus ; cell- 
walls are then formed, and thus the mother-cell breaks up into four spores T . In 
Pdlia and Frullania , on the other hand, the division of the mother-cells commences 
by four protuberances arranged tetrahedral ly, which at length are cut off by cell- 
walls; each contains a nucleus, and they form as many spores; in Pdlia the spores 
immediately again divide several times, and thus give rise to a young plant. 

The IJcpaticrr. are usualv divided into five families, viz.:- — 

t. Antlioccroteic, 

2. Ricciea*, 

3. Monocletr, 

4. Marchanlica*, 

3. Jungermanniea:, 

of which the first four include only thalloid forms, the fifth both thalloid and foliosc 
genera. 

1. Anthocerote®. Anthaceros laFts and punctatus , which grow in summer on loamy 
ground, devclope a perfectly leafless flat ribbon-like thallus, its irregularly developed 
ramifications forming a circular disc ; the regularity of the dichotomous branching is 
disturbed by the adventitious shoots, which proceed from the margin of the thallus, and, 
in A. punctatus, also from the upper surface. The thallus consists of several layers of 
cells, and the apical cells of the branches which lie in the anterior depressions arc 
divided by walls inclined alternately upwards and downwards (Fig. 237, C). In each 
of the cells of the thallus, the upper layer of which does not become differentiated 
into an epidermis, only one chlorophyll-granule is formed, surrounding the nucleus. 
On the under side of the thallus, Janczewski states that stomata are formed close behind 
the growing margin, through which filaments of Nostoc frequently penetrate, forming 
roundish balls in the tissue of the thallus (Fig. 237, #), which were at one time considered 
to be endogenous gemmae 1 2 . The anthcridia and archegonia arise apparently without 
any definite arrangement in the interior of the upper side of the thallus. The formation 
of the anthcridia commences by a circular group of cells of the outer layer separating 
from the subjacent tissue and thus producing a broad intercellular space, several of the 
lower hounding cells of which, after some vertical divisions, rise up in the form of 
papillae, and form the anthcridia (Fig. 237, B , an). It is only when the chlorophyll- 
granules in the walls of the anthcridia have assumed a yellow colour and the anther- 
ozoids are mature that the roof of the cavity is ruptured, the anthcridia opening 
at their apex and allowing the anthcrozoids to escape. In the Ricciesc and Mar- 
chantiea* the archegonia, which are at first free, become gradually surrounded by masses 
of tissue, but in Antboceros they arc enclosed from the first. One of the superior 


1 [On the development of the spores of Pdlia and Anthoceros see Sti asburger, Zcllbiidung und 
Zclltheilung, .3rd ed. p. 1 5 r, J 

" [See Wa bluer, Ueb. die MWor-Colonieen bci Blasia , Sitzber. d. Wien. Akad. 187K.] 
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segmental cells, near to the growing-point of the thallus, divides into an outer and 
an inner cell; the outer (superior), which bulges slightly, is the mother-cell of the 
archegonium and is further divided (as is the case in other Liverworts) by three longi- 
tudinal walls vertical to the surface of the thallus, into one internal and three external 
cells. The latter produce the six primary investing cells which, at a later period, 
give rise to as many rows of cells which are enclosed on all sides by the tissue of 
the thallus. The internal cell is divided by a transverse septum into two cells, the 
lower of which becomes the central-cell, and by division gives rise to the oosphere and 
the overlying ventral canal-cell; the upper undergoes transverse divisions in consequence 
of which a row of neck canal-cells is formed, as also the primary stigrnatic cell which 
subsequently divides cross-wise to form the stigrnatic cells. The variations from the 
inode of formation of the archegonium obtaining in the other Liverworts are thus seen 
to be slight, and scarcely justify the formation of the Anthoceroteae into a distinct class. 
Fig. 237 C dates from a time at which the above-mentioned details were unknown, but 
it suffices nevertheless to give some idea of the important points in the process. 

After fertilisation the oospore is divided in the manner described above. Whilst 
the developing sporogonium is gradually becoming a multicellular body dilated inferiorly 



(Fig. 237, E) t the cells of the surrounding tissue of the thallus undergo numerous 
divisions and form an upwardly projecting involucre which is broken through at a later 
period by the elongating sporogonium. Differentiation now takes place in the homo- 
geneous tissue of the sporogonium ; a central cylinder of from twelve to sixteen rows 
of axially elongated cells is marked out, forming the columella, whilst the cells of the 
layer immediately adjacent to it undergo division by horizontal walls and give rise to the 
inother-eells of the spores and elaters; the external four or five layers of cells form the 
wall of the future ( pod/ Those cells of the layer investing the columella which, are to 
form elaters undergo one or more vertical divisions. The elaters are here transversely 
directed rows of cells in which no spiral bands are formed. The mother-cells of the 
spores round themselves off, become gradually isolated, beginning from the apex of the 
sporogonium and proceeding basipetally, increase in size, and then divide into four, giving 
rise to the tetrahedral spores. The sporogonium elongates and becomes a pod-shaped 
structure of from fifteen to twenty millimetres in height, the brown wall of which, 
provided with an epidermis bearing stomata, splits from above downwards into two 
valves. 
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3. The family Monocles appears, according to the * Synopsis Hepatlcarum,* to 
contain transitional forms between the Anthocerotese and the Jungermannieae. The 
long sporogonium has a longitudinal dehiscence and no columella; and the sexual 
generation is either thalloid or foliose. 

3. The Biccie® form a flat dichotomously branched thalloid stem, floating in 
water or rooting in the ground, the apical cells of which, lying close to one another 
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in the anterior depressions of the branches, arc stated by Kny to become multiplied by 
vertical longitudinal partitions, and segmented by walls inclined upwards and down- 
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wards. On the upper side a distinct epidermis is differentiated, but without stomata, 
and beneath this lies the green tissue often provided with air-cavities, which is derived 
from the upper segments of the apical cells ; the under side is provided with a single 
longitudinal row of transverse lamellae, which, resulting immediately from the lower 
segments of the apical cells, must be considered as leaves. Afterwards they split length- 
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wise and form two rows ; between them arise a number of root-hairs with conical thick- 
enings projecting inwards. 

The archegonia and antheridia are formed on the upper side from young epidermal 
cells which grow 4nto papillae, and are overarched, in consequence of their mode of 
development, by the surrounding tissue (Fig. 239). This involucre sometimes forms 
an elevated neck above the sessile antheridia. The archegonia project, at the time of 
fertilisation, above the epidermis ; subsequently they are arched over, and develope from 
their fertilised oosphere the globular sporogonium with a wall consisting of a single layer 
of cells, and entirely filled with spores, without elaters. The spores are set free by the 
decay of the surrounding tissue. 

4. The Marchantiese have all a thalloid stem extended flat upon the ground ; 
it is ribbon-like, diehotomously branched, possesses a mid-rib, and is always composed of 
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several layers; the under side produces a number of hairs with conical thickenings 
projecting inwards placed upon a spiral constriction of the internal cavity (Fig. 240, bis, 
C ), and also two rows of leaf-like lamella 1 , like the Riccieae. The upper side is covered 
by a very distinctly differentiated epidermis, penetrated by large stomata 1 of peculiar 
form. Each of these stands, in Marchantui , l.unulnria , &c., in the centre of a rhombic 
plate ; these plates are parts of the epidermis which overarch large air-cavities, from the 
bottom of which the cells containing chlorophyll spring in a conferva-like manner, while 
the rest of the tissue is destitute of chlorophyll and consists of long horizontal cells 
without interstices (cf. Fig. 65). 

1 These stomata are formed (see Fig. 89) by the simple separation from one another of four or 
more epidermal cells which afterwards are divided by walls parallel to the suifaee of tile thallus. 
(Lcitgeb.) 
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The sexual organs of the Marchantiea: are borne on monoecious or dioecious recep- 
tacles l . The anthcridia, although springing from cells of the epidermis, are, as in Riccia , 
depressed in the upper side of the thalloid stem, and overarched by the surrounding 
tissue; they occur in larger or smaller numbers close together upon receptacles, which 
are discoid or shield-shaped sessile or stalked branches that have undergone a peculiar 
transformation. The archegonia arc only in the Targionicx inserted at the apex 
of an ordinary shoot ; in the other families they are produced on a metamorphosed 
branch, which rises like a stalk and developes in different ways at its summit; it 
bears the archegonia on its outer or lower side. With the variation in the form of the 
part which bears the archegonia is connected an equally varied mode of envelopment 
of the archegonia by involucres. Since it is impossible to describe these structures in 
a short space, we may take Marckant'ta polymorfha , the species most perfectly endowed 
in this respect, as an example. The explanation of the figures 241-243 will suffice 
to illustrate at least the most essential points. 

The sporogonium of the Marchantiex, usually shortly stalked, contains elaters which 
radiate from the bottom towards the circumference (cf. Fig. 236). It bursts either at 
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the apex with numerous teeth,- or is four-lobcd, or the upper part becomes detached as 
an operculum. The peculiar gemma* and their cupules have already been described. 

5. The JungermannieaB. In this family occur forms of which the vegetative body 
is a true flat leafless thallus, as Mettgcria and Anvura , as well as transitional forms whose 
flat thalloid stem forms leaves on the under surface ( Diplohvna ), or whose stem, as in 
BlasM) elliptical in section in its early stage, becomes broad and leaf-like when older, and 
produces leaves on both surfaces. Closely allied to these is a genus * with a less dilated 
stein, though still always greatly flattened on the upper side, and bearing leaves only 
above, ( Fojsombrmin ?). The greater number of the genera, however, the foliosc Junger- 
manniesr, form a slender filiform stem, with numerous sessile leaves with broad inser- 
tions but distinctly differentiated; these leaves commonly occurring only in two rows 
situated on the upper side, as in Radula , some species of Jtmgermannia , Lejcunia , and 
Plagiochtla, Typically, however, there are three rows of leaves, one being developed on 
the under or shaded side (hence termed Amphigastria ), the other two rows on the upper 
side ( Frullania , Madatheca , Mastigobryum) . In the flagelliform branches the leaves 
remain very small, and are sometimes almost invisible. 

1 [Teitgeb, Die Inflorcscenzen der Marchantiaccen ; Silsdier. <1. Wien. Akad. 1880.] 
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The bilateral structure is distinctly manifested not only by the thalloid forms, which 
mostly cling closely to the substratum, in that the sexual organs are formed only on the 
upper side or the one exposed to the light, and rhizoids and leaves on the under or 
shaded side ; but in the foliose forms also this tendency is clearly shown, whether they 
cling closely to the substratum or rise from it obliquely. This bilateral structure is 
manifested not only in the different mode of the formation of the leaves on the two 
sides, and in the expansion of the ramifications in a single plane, but is also deter- 
mined, both in the foliose and in the thalloid forms, by the growth of the apical region 
of the shoot. Even the youngest segments of the apical cell exhibit it, as is shown 
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in the different organisation of the upper and under sides, and in the similarity (though 
not symmetrical) of the right and left sides of the shoot. 

Enough has already been said on the position of the apical region in an anterior 
depression in the thalloid forms, as well as on the termination of the filiform stem 
in the leaf-bud of the foliose genera. The form of the apical cell, and its segmen- 
tation in the thallus of Metzgeria, have been represented in detail in Fig. ito; in Annua 
and Fossombnmia it is also two-sided. In Blasia> on the other hand, Lcitgcb states 
that it is four-sided, and forms four rows of segments, a dorsal, a ventral, a right, and a 
left row. 1 J his nny be most easily represented by supposing a wedge-sh iped apical cell 
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forming segments by walls inclined alternately upwards and downwards (towards the 
dorsal and ventral surfaces), as well as lateral segments from which the leaves proceed ; 
a leaf is produced from the dorsal part of a lateral segment, a kind of leaf-tube from its 
central part, and a second leaf from its ventral part, though this last is more often 
absent ’ (Lcitgeb, hi lit.). 

In the Jungermannicac with filiform stem and leaves arranged in two or three 
rows, the stem ends in a three-sided apical cell which forms three rows of segments 
in spiral succession ; two rows being dorsal and lateral, while the third row forms the 
under or ventral side of the stem. The successive septa of each row of segments are 
parallel to one another, and the segments themselves are in straight rows, the rows being 
parallel to one another and to the axis of growth of the stem b In the species with 
leaves arranged in two rows, a leaf springs from each of the dorso-lateral segments; 
when the leaves arc arranged in three rows each segment of the ventral side also 
produces a leaf, which is however smaller and of simpler structure and is also inserted 
transversely, while the insertion of the dorsal row's of leaves is oblique to the axis of the 
stem, so that the lines of insertion of each pair form an acute angle. Before a lateral 
segment has developed a papilla from which the leaf is formed, it divides by a longi- 
tudinal wall into an upper and a lower lull facing dorsal ly and ventraliy, each of which 
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now forms a leaf-papilla. Hence it arises that the leaves of Jungcrmannit are to a 
certain extent bisected or two-lobcd; in the simpler leaves this is usually shown by 
a more or less deep incision of the anterior margin ; but even w hen the leaves are quad- 
ripartite, as in T> irborolm, the primitive double origin can still be recognised. The lower 
lobe of the leaf is usually smaller, of peculiar form, and hollowed out. 

The branching of the growing end of the shoot in the case of Meizgrria has already 
been represented in Fig. no. According to Lcitgeb it takes place in a similar manner 
also in the other thalloid forms with a two-sided apical cell, viz. in Aneurti and Yossam- 
b) thin. The very variable relation of the branching to the leaves discovered by Lcitgeb 1 2 
is especially remarkable. In MtVz.gtria and Anmra no leaves, but only branches, are 
formed out of the segments; in Fossombronia the lateral shoot springs from the segment 
in place of a whole leaf; on the other hand, in the greater number of Jungermanniex 
W'ith filiform leafy stem and three-sided apical cell, the lateral shoot springs from the 
segment in place of the lower or ventral lobe of the leaves of the dorsal side, so that in 
these cases the bianch may be considered as a metamorphosed half-leaf. Fig. 244 will 

1 t’onipaie in refcience to thb what follows with lcspccl to Mosses. 

\\ hat lollows is paitially domed from Lcitgeb' s loiters. |_See his Untci such ungen, lll.j 
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serve to explain this remarkable process, where the apical view of a branching shoot is 
represented diagramrnatically : I, II ... PI are the segments of the apical cell S of the 
primary shoot ; II, V being segments of the ventral, I, III, IF, VI of the dorsal side. 
The two segments I and III are already divided by a longitudinal wall each into two 
halves respectively dorsal and ventral ; and in the latter the apical cell / of each lateral 
shoot has already been constituted by the formation of the walls i, 2, 3, while the dorsal 
half of each of these segments has developed into half a leaf. The other segments which 
do not form shoots develope normal two-Jobed leaves. This is the process that occurs in 
Frullama , Madotheca, Mast i gob ry um , Lepido%'ta , Frichocolea, and Jungermannta trichuphylla. 
A third type of branching occurs finally in Radula and Lejeunia, where the formation oi 
leaves is net disturbed by the branching, the branches springing from behind the leaves at 
their base, and from the same segments. 

Besides these modes of ramification of the segments of definite position, Leitgeb has 
recently discovered an endogenous formation of shoots, which are sometimes fertile 
branches, from the ventral segments provided with amphigastria, e.g. in Mast igobry urn , 
Lrpido%ia, and Calypogeia ; or they are formed without the production of a ventral row 
of leaves, as in Jungermannia bicuspid at a and other Jungermannieac with leaves in two 
rows. In those especially which belong to the section Trichomanoideae the fertile 
branches arc developed thus, and break out from the older parts of the stem as adven- 
titious shoots; probably, however, their mother-cells always originate regularly in 
acropetal succession in the primary meristem of the vegetative cone, as in Mastigobryum 
and I.cpidozia, but their development is deferred. Finally according to Leitgeb, the 
whole branching of many Jungermannieae appears to depend exclusively on the pro- 
duction of branches in this manner. 

The reproductive organs are distributed momeciously or dueeiously, and are formed, 
in the thalloid genera, on the dorsal side of the shoot 1 , in the foliose Jungermanniea: at 
the end of primary shoots or of special small fertile branches, which commonly have the 
above-described adventitious origin on the ventral side. The antheridia are usually in 
the axils of the leaves, singly or in groups. The archegonia appear generally in large 
numbers at the summit of the shoot, either on those which bear antheridia below, or 
on special branches, which in the Oeocalycea* arc hollowed out in such a manner that 
the archegonia are sunk in a deep pitcher-shaped hollow, an arrangement which may be 
compared, to a certain extent, with the structure of a fig. This occurs in an especially 
striking manner in Calypogeia. Where this peculiar enveloping of the archegonia docs 
not occur, they are concealed by the nearest leaves (the perichirtium) ; and a perigynium 
is usually formed in addition, which grows round the archegonia as a special membranous 
envelope. The development of these organs has been accurately described by Leitgeb 
in the case of Radula complanata (Fig. 245). The primary and lateral shoots both bear, 
as a rule, both kinds of reproductive organs; such a shoot is always at first purely 
vegetative, but forms after a time antheridia, and finishes with the archegonia. Less 
often, however, it again recurs, after the production of antheridia, to a vegetative 
development. The antheridia of Radula are metamorphosed trichomcs; they stand 
singly in the axils of the leaves, and are completely enclosed in the hollow formed by 
the very concave lower lobe of the leaf. T hey arise from the club-shaped protuberance 
of a cell belonging to the cortex of the stem and lying before the leaf at its base. 
The archegonia of Radula always stand at the end of the primary or of a lateral shoot, 
from three to ten together, surrounded by a perigynium, which is again enveloped by a 
perichartium of two leaves. 1 he archegonia together with the perigynium are de- 
veloped from the apical cell of the shoot and from its three youngest segments. The 
archegonia arise from the apical cell itself, and from the upper parts of its lateral 

1 I11 Mctzgeria furcata the antheridia and archegonia make their appearance dkyeiously on the 
concave dorsal surface of adventitious blanches which arise fiom the ventral surlace of the mid-rib 
and are so curved as to enclose the sexual organs. Leitgeb.) 
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segments; the lower parts together with the ventral segment arc employed in the 
formation of the perigynium. The further development of the archegonia and antheridia 
has already been described. 

In the species examined by Hofmcister the fertilised oospherc is first divided by a 
transverse septum, /. e. at right angles to the axis of the archegonium. Only the upper 
of the two cells, the one towards the neck of the archegonium, becomes further divided, 
and it gives rise to four apical cells arranged as octants of a sphere, as described 
above. 

"I he basal portion of the growing archegonium becomes swollen out and penetrates 
down into the tissue ol the stem, being nourished and firmly enclosed by it (the vaginula). 

As soon as the young sporogonium consists 
of a number of cells, its wall becomes differ- 
entiated from the inner tissue which is to 
form the spores and claters. In Frullania it 
is a single circular disc of cells lying trans- 
versely beneath the dome of the young sporo- 
goniutn lrom which the vertical clatcrs, and 
by further divisions, the mother-cells of the 
spores arise, a process which reminds one of 
what occurs in Sphagnum, In most true 
Jungcnnanniea- there is, on the other hand, 
a column of tissue consisting of vertical rows 
of cells (surrounded by the wall of the sporo- 
gonium consisting of two layers), out of which 
the clatcrs and spores are formed. The claters 
lie, in this case, horizontally, and radiate from 
the ideal longitudinal axis to the w r all of the 
sporogoninm (Fig. 246). In Pel /la the inner 
fertile tissue forms, after the dilferentiation of 
the wall of the sporogonium, a hemisphere, 
from the cells of w r hich arise the spores and 
the elaters radiating from below upwards, in a 
similar manner to what occurs in the Mar- 
ehanticie. 

By a rapid extension of the hitherto short seta, the ealyptra is ruptured at the 
apex, and the globular sporogonium with the already ripe spores is raised up on it. 
Whilst the spores are ripening, the inner layer of the wall of the sporogonium becomes 
absorbed; the single layer which still remains is ruptured at the apex, and splits into four 
(rarely more) longitudinal valves, which, flying asunder in the form of a star, carry with 
them at the same time the claters, by which the spores are dispersed. The elaters, w hen 
mature, arc long fusitonn thin-walled cells, round the interior of which run from one to 
three brown spiral bands. 
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The spore produces a conferva-like thallus, the Protonema, from which the 
leaf- bearing Moss arises by lateral branching with differentiation into stem and 
leaf. On this plant the sexual organs are formed ; from the fertilised oosphere 
proceeds the sporogonium, in which the spores are formed from a small portion 
of the inner tissue. 

The Protonema arises, in the typical Mosses, as a tubular bulging of the 
endospore, which elongates indefinitely by apical growth and becomes septate, the 
septa being oblique. The cells do not undergo any intercalary divisions, but form 
branches immediately behind the septa; these branches also become septate, and 
usually show a limited apical growth ; they may, in turn, produce ramifications 
of a higher order. The part of the endospore which lies opposite the germinating 
filament may dcvelope into a hyaline rhizoid, which penetrates into the ground. 
The cell-walls of the protoncma-filaments are at first colourless, but as the primary 
axes lie upon the ground or even penetrate into it, their cell-walls assume a brown 
colour, while the cells above ground dcvelope abundance of chlorophyll-granules ; 
and the protonema is hence nourished independently by assimilation ; it not only 
attains a considerable size in some genera, covering a surface of from one to several 
sqHarc inches like turf with its densely matted filaments, but its term of life may be 
regarded as unlimited. In most Mosses it altogether disappears after it has 
produced the leafy stems as lateral buds ; but where these latter remain very small 
and have only a short term of life, as in the Phascacere, Poltia , Physcomitrium , &c., 
the protonema still remains vigorous after it has produced the leafy plants, and 
when the sporogonium has already been developed upon them. In such cases 
all three stages of the cycle of development are present simultaneously in genetic 
connexion. The Sphagnacese, Andreieacese, and Tetraphidcae differ from the typical 

1 W. F. Schimper, Kcehere.hes anal, et physiol, sur les Mousses (St rassburg 1848). — Lantzius- 
Beniiga, Beitnige zur Kentniss tics Italics tier ausgewachsenen Mooskapsel, insbesondere des Pcri- 
stoms (with beautiful illustrations) in Nova Acta Acad. Leopold. 1847. — Ilofmeister, Yergleieh. 
Untersuch. 1851. [On the Germination, Development, and Fructification of the Higher Cryptogam ia f 
Kay Soc. i86j.] — Ilofmeister, in Uerichte der K bn. Sachs Gesellsch. der Widens. 1854. -Ditto, 
Kntwickelung des Stengels der beblattcrtcn Muscineen (Jahrft fiir wissens. Hot. vol. III). — Unger, 
Ucber den anat. Ban des Moosstammes (Sitzungsbcr. der Kais. Akad. der Wissens. Vienna, vol. 
XL 11 I. )). 497). — Kail Muller. Deutschland* Moose (Halle 1853). — Lorenlz, Moosstudien (Leipzig 
i8f>4 V — Ditto, Crutjdlinien zu eitier Vergleich. Anat. der l.aubinoose (Jahrb. fur wissen. Hot. vol. VI, 
and Flora 1867). — Leitgeb, Wachstliurn des Stamnichens von Fotitinalh cintipyrelicci u. von Sphagnum; 
sowie Kntwickelung der Antheridien derselbcn (in Sit/ungsber. der Kais. Akad. der Wissens. Vienna 
1868 and 1869). — Nagel i, Pflanzcnphysiol. UntcrMiclningcii. Heft 1 , p. 15. —Julius Kiihn, Kntwicktd- 
tingsgesdiiehto der Andrerenccen (Leipzig 1870). (Miltlieilungcn aus detn Gesammlgebiei derUotanik 
\on Schenk u. Lueissen, \oJ. 1 ). — Janc/cwski, Uebcr Kntwickelung der Archegouien, Hot. Zcitg. 



MUSCINEAi. 


362 

Mosses both in the structure of the sporogonia, and in the mode of formation of 
the protonema. The spores of the Sphagnacea? produce, at least when they grow 
upon a firm substratum, a flatly expanded plate of tissue, which branches at the 
margin, and produces from its surface the leafy stems. In Andraea , according 
to the investigations of Kuhn, the contents of the spore divide, while still within 
the closed exospore, into four or more cells, and a tissue is thus formed similar to 
that produced in the spores of some Ilepaticce (as Raduta and Frullania ) 1 : finally, 
from one to three peiipheral cells grow into filaments which extend over the 
hard stony substratum. The branches of the protonema may now develope further 
in three different ways; longitu inal as well as transverse divisions arise, and 
irregularly branched cellular ribbons are formed ; or, divisions also taking place 
in addition parallel to the surface of these ribbons so that they come to be several 
layers thick, the protonema developed in this manner as a mass of tissue becomes 
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erect and brandies in an arborescent manner; finally, in the third form, the leaf-like 
branches of the protonema are plates of tissue of simple definite outline. Closely 
allied to this last form is the flat protonema of Te trap his and Tdradonlium , which, 
as will be further shown in a following illustration, arises at the end of longer and 
slenderer filaments 2 . 

The buds which develope into the Moss-stems apparently never arise at the 
end of one of the principal protoncmal filaments, but as lateral branches upon 
them. The idea suggested by me that the protonema, as also the equivalent 
rhizoids of the bryineie, represent a wry rudimentary much elongated Moss stem, 
just as the branches with naked base of Chara arc merely simple forms of its 
stem, has been proved correct by the observations of Schuch (1870-1871) made 

1 In Iruc Mosses ah<» (as Unrtranua , l.t'ucoWvnm, Mnium , and llypnum) the fust septum of the 
protonema is formed, according to Kuhn, even vwthm the spine. 

4 Compare JJeiggren, Iiot. Zeitg. 1871. 
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in the botanical laboratory at Wurzburg, and concluded by Miiller (1873). The 
principal filaments of the protonema and the large rhizoids have a very much 
elongated apical cell in which (and never in its segments) oblique septa are 
formed which are regularly inclined (spirally) in three or more directions, just in 
the same manner as the principal walls of the segments of the trilateral apical 
cell of the Moss-stem. These walls do not, however, intersect, as in the stem, 
since the segments (cells of the filament) are so long. Each segment is capable 
of forming a protuberance immediately behind its anterior wall, which is shut off 
by a wall corresponding to the ‘ foliar wall ' formed in the stem-segments. After 
this protnoerance has become elongated a wall is formed within it corresponding to 
the ‘basal wall* formed in the segments of the stem. In this way the protuber- 
ance comes to consist of two cells; the one directed towards the growing apex 
of the filament corresponds to the mother-cell of the leaf, and the other, lying 
behind the preceding, developes a lateral branch, just as is the case in the stem l . 
Other unimportant divisions of these cells need not be mentioned here. Usually 



the anterior cell does actually give rise to a foliar organ, the posterior to a bud, 
but often one or both simply develope into rhizoids. The position of the walls 
of these cells is precisely similar to that of the corresponding cells of the stem ; 
the protonema differs from the Moss-stem simply in the distance of one segment 
from the other, and in the suppression of those further divisions by which the 
tissue of the stem is produced from its segments. When a stem is developed 
from the protonema, it originates as a bud from the posterior of the two cells of 
the lateral protuberance. Its mode of origin is usually this, that the cell at first 
elongates into a filament by the formation of segments the primary walls of which 
do not intersect ; after this segments are cut o(T by walls which do intersect, 
and from them foliar outgrowths, and later true leaves, are formed. From this 
it is evident that the formation of a Moss-stem from the protonema essentially 
depends upon the more rapid formation of segments one after another ; a Moss- 
stem is, so to speak, a protonema! filament with very short segments, forming 


1 Sec I'itf. 116, the walls c, h. 
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mother-cells of leaves which at once grow out into expanded leaves instead of 
into filamentous structures. This interpretation is confirmed by all possible tran- 
sitional forms, and a comparison of the ordinary characteristics of the stem and 
of the protonemal filament at once demonstrates its truth 1 * * * * . Whether or not the 
Andreieacea,*, Sphagneae, See. resemble the Bryincae in this feature, and the extent 
of such a resemblance, must be decided by future researches. 

The apical cell of the stem is two-sided in Srhistoslega and Fissidms, and 
produces two straight rows of alternating segments ; in the rest of the Mosses it 
is a three-sided pyramid, with the basal surface turned upwards (Fig. 116). Each 
segment of the apical cell arches outwards and upwards as a broad papilla; this 
is cut off by a longitudinal wall (which Leitgcb calls a foliar wall), and devclopes, 
by further divisions, into a leaf, while the lower inner part of the segment produces, 
by further divisions, part of the inner tissue of the stem. Since each segment 
forms a leaf, the phyllotaxis is determined by the position of the consecutive 
segments. \l\ Fiss ideas two straight row’s of alternate leaves are thus formed ; in 
Fonlinalis three straight rows with the divergence the segments themselves lying 
here in three straight rows with the J arrangement, because each newly formed 
primary wall is parallel to the last bui three (both belonging to one segment). 
In Poly trichum , Sphagnum , Andrew a, &c\, on the other hand, each new primary 
wall encroaches on the ascending side with regard to the leaf-spiral ; the primary 
walls of each segment are therefore not parallel; the segments themselves do not 
lie, even when first formed (without the assistance of any torsion of the stem), in 
three straight rows, but in three parallel spiral lines winding round the axis of 
the stem one above another; and the consecutive segments and their leaves diverge 
at an angle which, from wlrat has been said, must be greater than /, ; the phyllo- 
taxis is 'j, and so on *. 

The primary meristem of the stern, situated beneath the punclum vcgdalionis, 
passes over into permanent tissue and usually becomes differentiated into an inner 
and a peripheral mass of tissue, which are not generally sharply defined ; the cell- 
walls of the peripheral and especially of the outermost layers are usually strongly 
thickened and of a bright red or yellowish red colour; the cells of the inner funda- 
mental tissue have broader cavities and thinner walls more slightly or not at all 
coloured. In some Moss-stems this differentiation goes no further than into an 
outer skin consisting of several layers and a thin-walled fundamental tissue (eg. 
Gymnoslomum rupcslrc y Leucobryum glaucum , Hedwigia cilia la, Barbula atonies , Ify/o- 
comium splendns , &c., according to Lorentz) ; while in many other species a central 
bundle of very thin-walled and very narrow cells is formed in addition ( Grirnmia , 


1 ] must content rn) self with the above brief account, for HerrSchuch has not yet published his 

observations which 1 had the opportunity of following in all their details. Herr Midler is at present 

(1S74) working at this subject, but is not yet in a position to publish his results. Figs. 247 and 248 

were drawn at a time (1X66) when the views expressed above were unformed. (See Arb. d. hot. Inst, 

in Wurzburg, Heft JV. 1M7.P) 

' l If the position of each fourth division of the a] deal cell is kept in view, it gives the impression 
as if the apical cell rotated slowly on its axis, producing, at the same time, leaf-fonning segments. 
(Compare on this subject the work of Leitgcb mentioned above, Loicnt/’s woik, llofmeislci’s Mor 
pliob »gie. p. 194, and Muller. Hot. Zcitg. 1X69, pi. Vllb; 



MUSCT. 


3 6 5 


F unaria, Bartramia, Mnium , Bryum , and others) \ In Poly If ichum, A trichum, and 
Dawsottia alone do decided thickenings of the cell-walls take place in the central 
bundle in such a manner that each of several groups of originally thin-walled cells 
becomes surrounded by a thick wall and they 
together form the bundle. In Polytrichum 
commune there are found similar thinner extra- 
axial bundles. Sometimes bundles of thin- 
walled cells run from the base of the leaf-veins 
obliquely downwards through the tissue of 
the stem as far as the central bundle, which 
Lorentz regards as foliar bundles (e.g. in 
Splachnum luleum , Voilia nivalis , &c.). If it 
is borne in mind that in some vascular plants 
fibro-vascular bundles of the most simple 
structure occur, and if the similarity of the 
cambiform cells of true libro- vascular bundles 
to the tissue of the central and foliar bundles 
in Mosses is considered, these latter may with- 
out doubt be held to be fibro-vascular bundles of the simplest kind. 

As has already been mentioned, the leaf originates from the broad papillose 
bulging of a segment of the apical cell of the stem : this is cut off by a wall. The 
lower (basal) part is concerned in the formation of the outer layers of tissue of 
the stem, whereas the apical part of the papilla constitutes the apical cell of the 
leaf; it forms two rows of segments by walls perpendicular to the surface 
of the leaf and inclined to the right and left. *The number of the segments to 
be formed, in other words, the terminal growth of the leaf, is limited, and the 
formation of tissue from the cells thus formed advances downwards, ceasing finally 
at the base. The whole of the tissue of the leaf is sometimes (as in FontinaUs) 
a simple layer of cells; but very commonly a vein, *>. a more or less broad bundle, 
is formed from the base towards the apex, dividing the unilamellar lamina into 
right and left halves, and consisting itself of several layers of cells. The vein is 
sometimes composed of uniform elongated cells, but more often various forms of 
tissue become differentiated in it, among which bundles of narrow thin-walled cells 
similar to the central bundle of the stem frequently occur, and these arc sometimes 
continued to it through the external tissue of the stem as foliar bundles (cf. Lorentz, 
/. c,). The shape of the leaves of Mosses varies from almost circular through broadly 
lanceolate forms to the acicular; they are always sessile and broad at their insertion ; 
usually densely crowded ; only on the stolons of some species, the pedicels of the 
cupules of the gemma; of A ulacomnion and Telr aphis, as well as at the base *of 
some leafy shoots, do they remain small and remote (cataphyllary leaves). In the 
neighbourhood of the reproductive organs they usually form dense rosettes or buds, 
and then not unfrequcntly assume special forms and colours. In Racopilum , Hypo - 
pterygium, and Cyalhophorum , there arc two kinds of leaves, a row of larger upon 

1 It is stated by Lorentz that the seta of the sporogoniuni is always provided with a central 
bundle of this kind. 
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one side, and a row of smaller leaves upon the other side of the stem. The 
leaves are not branched, but entire or toothed, rarely slit. In some kinds peculiar 
outgrowths are formed upon the inner or upper surface of the leaves ; in Barbula 
atniJes articulated capitate hairs. The lamina, which in other cases expands 
right and left from the median plane, is, in Fissidws, expanded in the median 
plane itself, proceeding from an almost sheathing base. The tissue of the leaf is, 
with the exception of the central vein, usually homogeneous and composed of 
cells containing chlorophyll, which sometimes project above the surface as mamillx ; 
in the Sphagnacesc and Lrueobryum the tissue is differentiated into cells containing 
air, and others which contain sap and chlorophyll, arranged in a definite manner. 

The mode of branching of the stem of Mosses is apparently never dichotomous, 
but also probably never axillary, although connected with the leaves. Kven when 
the branching is copious the number of lateral shoots is nevertheless usually much 
smaller than that of the leaves; in many cases the lateral branches arc definitely 
limited in their growth, leading sometimes to the formation of definite ramified 
systems similar Ao pinnate leaves ( J huulium , Hylocomium). When the primary 
shoot produces reproductive organs at the summit, a lateral shoot situated beneath 
it not unfrequently displays a more vigorous growth, continuing the vegetative 
system ; and by such innovations sympodia are formed. It sometimes happens 
that stolons, that is shoots either destitute of or furnished with very small leaves, 
creep on or beneath the surface of the ground, elevating themselves at a later period 
as erect leafy shoots. The mode of branching is very various, and is closely con- 
nected with the mode of life. The morphological origin of the lateral shoots has 
been caicfully investigated by Leitgeb in the case of Fontinalis and Sphagnum, and 
admirably described. Since these two genera belong to very different sections, the 
results obtained in this case may be considered as of general application to the 
whole class. They agree in the fact that the mother-cell (which is at the same 
time the apical cell) of a branch originates beneath a leaf from the same segment 
as the' leaf (big. 116). In Fontinulix the branch arises beneath the median line 
of the leaf; but in Sphagnum beneath its cathodal half. In consequence of the 
further development of the mother-shoot, the lateral shoot in Sphagnum appears at 
a later period to stand by the side, of the margin of an older leaf; and this is 
probably the explanation of the earlier statement of Mettenius that in Keeker a 
iomplanala , Hypnum triquetrum , Raeomitrium eanes<ens y and others, the lateral shoots 
stand by the side of the margins of the leaves. When the shoot arises beneath 
the median line of a leaf, and the leaves are arranged in straight rows, the further 
growth of the stem may cause it to seem as if tin* shoot originated above the 
median line of an older leaf, in other words as if it were axillary. Leitgeb states 
that articulated haiis arise in the genera named in the axils of the leaves, or perhaps 
more correctly at the base of the upper surface of the leaves. 

The dimensions attained by the leaf-bearing axes ami axial systems of Mosses 
show a wide range. In the Pliascacca:, Puxbaumia , and others, the simple stem 
is scarcely 1 mm. in height ; in the largest species of Hypnum and Polytrichum 
it is not unfrequently 2, 3, or more decimetres in length, and, if belonging to 
more than one axis, even longer, owing to the formation of innovations and sympodia 
( Sphagnum). The thickness of the stem is less variable; ^ mm. in the smallest, 



it scarcely exceeds i mm. in the thickest forms. Its dense tissue, coloured exter- 
nally, is however very firm, often stiff, always very elastic, and capable of offering 
long resistance to decay. 

The Root-hairs (Rhizoids) play an extremely important part in the economy 
of Mosses. It is only in the otherwise very abnormal section of the Sphagnaceoe 
that they are very sparsely and poorly developed ; in most other forms they occur 
in large numbers at least at the base of the stem, often clothing it completely with a 
dense reddish-brown felt. Morphologically the rhizoids are not sharply distinguished 
from the protonema 1 ; and it will be seen further on that they, like it, are capable 
of forming new leafy stems. They arise as tubular protuberances from the superficial 
cells of the stem, elongate by apical growth, and are segmented by oblique septa ; 
at the growing end the wall is hyaline, and particles of earth become attached 
to it in the ground; subsequently these fall off; the wall becomes thicker and 
brown, as is also the case with the aerial root-hairs. The cells contain a 
considerable quantity of protoplasm and drops of oil (Fig. 250, P). In many 
Mosses the root-hairs branch very copiously in the ground ; they often form a dense 
inextricable felt; a felt of this kind may even arise above ground as a dense turf, 
and may serve as a soil for future generations. In Atrichum and other l’olytri- 
chacca?, the stouter rhizoids coil round one another like the threads of a rope, the 
branches which proceed from them doing the same, and only the last and finest 
ramifications remain free. 

The Vegetative Reproduction of Mosses is more copious and varied than is the 
case in any other section of the vegetable kingdom. It presents the peculiarity that 
the production of a new leaf-bearing stem is always preceded by the formation of 
a protonema, even when the propagation takes place by gemma?. Exceptions are 
afforded only by the few cases in which leaf-buds become detached and commence 
immediately to grow. 

In describing the different cases in detail, the first point that must be brought 
prominently forward is that both the protonema which proceeds from the spore 
itself and the leafy stems which spring from it are capable of reproduction of 
different kinds. The original protonema is so far an organ of reproduction that it 
may produce upon its branches a smaller or larger number of leafy steins in 
succession or simultaneously ; sometimes the individual cells of the protoncma- 
branch separate from one another after they have become rounded off into a 
spherical form, acquire thicker walls, and become for a time inactive (as in Funaria 
hvgrometrica), forming, probably, at a later period again protonema filaments. A 
secondary protonema may be formed from any root-hair when exposed to light in 
a moist atmosphere (cf. Fig. 247 and Fig. 2^0, A,p). In some species (Mnium, 
Rryurn , Barhuta , &c.) it is sufficient to keep a turf of Moss damp for some days 
and turned downwards, in order to produce hundreds of new plants in this manner. 
Some apparently annual species, c. g. of P ha scum, Funaria , and Pallia, persist 
perennially by means of their root-hairs ; the plants disappear completely from the 

1 The rhizoids appear to be distinguished from the protonema only by the absence of chlo- 
rophyll and by their tendency to grow downwards; the protonema developes certain branches as 
rhizoids ; and the rhizoids may, on their part, develope single branches as a protonema growing 
upwards and containing chlorophyll ; see p. 362. 
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surface of the ground from the time llmt the spores become ripe till the next 
autumn, when the root-hairs again produce a new protonema, and upon this new 
stems arise. 

Similar outgrowths from the roots occur also, according to Schimper, in 
the felted protonema of some species of Polytrichum (P. nattum and abides) on 
the slopes of hollow roads, and on that of Sihislostega osmundacea in dark hollows. 
The root-hairs may also immediately produce leaf-buds, and behave, in this respect, 
exactly like the protonema. When the buds arise on underground ramifications 
of the root-hairs (Fig. 250, B) they remain in a dormant stale, as small microscopic 



2-;o.— A young plant nf .1 Barbulu (m) with tlw root-li.m*. h, to the growing owls of which p.irtiilos of »*., 
be< mm at l>u hed ; .it / .1 supt-rfici.il root-lull is putting out luam In s containing chlorophyll, in othoi won Is a pu 
at l a tulu-ruus hud (bulbil) is growing irour an undcrgiound blanch of tin root -hairs ; It this bud more strongly 1 
[.l x vu ; /; X ♦».). 

tuberous bodies {bulbils) filled with reserve food-material, until they chance to 
reach the surface of the ground, when they undergo further development (e.g. 
Bar bul a mural is, Grimmia puli' inala, Funaria hygromclrica , Trichoslomum rigidum , 
A/richum). The aerial root-hairs may, however, not only produce a protonema 
containing chlorophyll, but also leaf-buds without its intervention ; and Schimper 
cites the remarkable fact that in Dicranum undulalum annual male plants are 
formed in this manner on the tufts of perennial female plants, and fertilise the 
latter. 

Even the leaves of many Mosses produce a protonema, their cells simply 
growing, and the tubes thus formed becoming segmented. This occurs in Ortho- 
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trichum Lyelli and obtusifolium ; in O. phyllanthum tufts of club-shaped protonemal 
filaments with short cells arise at the apex of the leaves ; and the same phenomenon 
occurs in Grimmia trichophylla, Syrrhopodon , and Calympcrcs . In Oncophorus 
glaucus a dense felt of interlacing protonema-filamcnts is formed at the summit 
of the plant where the reproductive organs are produced, which arrests its further 
growth, and hence produces at a later period new clumps of young plants. In 
Buxbaumia , especially B. aphylla , the marginal cells of the leaves form a pro- 
tonema enveloping them as well as the stem with its filaments. Lastly, even 



PlG. 251 —Tetrapkn ptilucida ; /! n pi. ml prodming gt-m- 

(natural m/c) , H flip same, magnified ; y the cup in which its stalk at a, the p 

tilt* gemmae arc lolhvtid , ( longitudinal section through the it* growth of .1 ui.irgin.il cell of tli 

summit of the plant, /■ tin: leaves of the « up, A" the genuine in tare p as a lateral outgrowth from t 

various stages of development ; the older ones arc lore ed off put out root luurs 7/'. 7 v ,r (X 100) ; />, p a flat proi. 

tin ir stalks by the later growth of the younger ones, and forced the base of wlm li a leaf-bud A' 

over the side of the cup ; /> a mature gemma (\ e;n..), < (insisting ng ; the bn puts out a number of 

at the margin of one, in the centre of several l.ijeis of cells. v flat protoueinata before a leaf-bud is formed. 

detached leaves, if kepi moist, may emit a prolonerrfa, as for instance those of 
Funaria hygromrtrica \ 

Gemmtc, which, like those of the Marchantiese, are stalked fusiform or lenti- 
cular cellular bodies, occur in Aulacomnion audrogynum at the summit of a leafless 
elongation Of the leafy stem (Pseudopodium) ; in Teir aphis pellucida enveloped by an 
elegant cup composed of several leaves, out of which they subsequently fall. These 

1 [It has been shown by Pringsheim (Jahrb. fur wiss. Hot. XI) and by Stahl (Bol. Zcit. 1876) 
that the sterile cells of the sporogonium and of the seta may give rise to protoncma.] 

B b 
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latter then put forth protonemal filaments, which produce first of all a flat mem- 
branous proton ema ; and upon this finally new leaf-buds arise (Figs. 251, 252). 

Finally the deciduous branch-buds of Bryum annotinum may also be considered 
as organs of reproduction ; as also, according to Schimper, may the branches of 
Conomitrium julianum and Cinclidotus a qua tic ns, which likewise have the power of 
detaching themselves. 

The Sexual Organs of Mosses usually occur in considerable numbers at the 
end of a leafy axis l , surrounded by enveloping leaves often of peculiar shape, 
and mixed with paraphyses, and the whole group of organs may, for the sake of 



Me.. -1 .on^ituMm.il sc'.tion tin summit ul a very small male plant nf b unatta hy^t umrtrif.t . a a yountf, t> a noatlj 

ripe anthcnrlmm ; < paraphyses ; d leaves rut through the mhi-rih ; r leaves «. ut through the lamina (X *<«») 

brevity, be called a 4 Receptacle/ The receptacle of Mosses either terminates the 
growth of a primary axis (Acrocarpous Mosses), or the axis is indeterminate, and 
the receptacle is placed at the end of an axis of the second or third order (Pleuro- 
carpous Mosses). Within a receptacle either both antheridia and archegonia are 
produced (bisexual receptacles), or it contains only one kind of sexual organ, and 
the receptacles may then be either monuccious or dioecious. Sometimes the male 
receptacles appear on smaller plants with a shorter duration of life (as Funaria hvgro- 
metrica , Dicranufn utidulatum , &c.). In external appearance the bisexual are similar 

1 The male branches of Sphagnum form an exception {vide infra). 
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to the female receptacles, while the habit of the male receptacles is altogether 
different. In the former the archegonia and antheridia occur either close to one 
another at the summit of the stem in the centre of the envelope (Pe richer Hum), 
either in two groups, or separated by peculiar enveloping leaves, and the antheridia 
stand in the axils of these arranged in a spiral, surrounding the central group of 
archegonia. The form of the perichsetium is, in the female and bisexual receptacles, 
that of an elongated almost closed bud, formed by several turns of the leaf-spiral. Its 
leaves are similar to the foliage-leaves, and become smaller towards the interior, but 
grow all the mare vigorously after fertilisation. The male perichsetium consists of 
broader firmer leaves, and is of three different forms; usually it is bud-shaped, and 
resembles that of the female receptacle, but is shorter and thicker, its leaves often 
coloured red, and decreasing in size towards the outside ; receptacles of this type are 
always lateral. Secondly, the male perichretia are sometimes shaped like capitula, and 
are, on the contrary, always terminal on a stouter shoot and globular ; their leaves are 
broad, sheathing at the base, thinner and recurved at the upper part ; they become 
smaller towards the interior, and leave the centre of the receptacle, with the anthe- 
ridia, free; these receptacles are sometimes borne on a naked pedicel, a prolonga- 
tion of the stem ( Splachnum , Taylor ia). Finally, the male perichnetia are sometimes 
discoid and consist of leaves which are very different from the foliage-leaves ; they are 
broader and shorter, expanded horizontally at 
the upper part, delicate and of a pale green, 
orange, or purple colour ; they are always smaller 
the nearer the leaf-spiral approaches the centre ; 
the antheridia stand in their axils (Jllnium, Poly - 
trichum , Pogonatum, Dawsonia). The para- 
physes stand between or by the side of the sexual 
organs ; in the female receptacle they are always 
articulated filaments ; in the male, filiform or 
spathulate, and consisting, in the upper part, 
of several rows of cells. 

The Antheridia are, when mature, stalked 
sacs with a wall consisting of a single layer of 
cells containing chlorophyll - granules, which 
however, in the ripe state, assume a red or 
yellow colour. In the Sphagnacese and in Bux - 
baumia the antheridia are nearly spherical, but 
in all other Mosses of an elongated club shape. 

In the Sphagnaceai they open in the same 
manner as in the Hepatica; ; in the other orders 
by a slit across the apex, through which the 
antherozoids still enclosed in their mother-cells 
are discharged as a thick mucilaginous jelly. 

The interstitial mucilage dissolves in water, and 
the antherozoids escape from their mother-cells and swim about free. 

The careful investigations of Leitgeb show that the morphological significance 
of the antheridia is very various. In Sphagnum the mother-cell of the antheridium 

b b 2 
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arises in exactly the place in which a branch would otherwise be formed, 

e. from the segment of the axis which lies beneath the cathodal half of the 

leaf; the antheridia may in this case be considered as metamorphosed branches. 
In Fon/inaiis , on the other hand, their morphological significance varies within 
the same receptacle ; the one first formed is the immediate prolongation of 
the axis of the shoot, arising from its apical cell ; the succeeding ones are 
developed from its last normal segments, and therefore resemble leaves in 
their origin and position ; the last antheridia, finally, exhibit the morphological 
characters of triehomes, both in their variable number, their development as cells 
of the epidermis, and the want of definiteness in their place of origin. According 
to Kuhn, Aiuhwca behaves in precisely the same way as Fun/ inn! is. The mother-cell 
of the antheridium of Fontinalis is constituted as an apical cell forming two 
alternating rows of segments; in forming the oldest and terminal antheridium 

the apical cell changes from a triseriate to a biseriate segmentation. These seg- 

ments are n<;xt divided by tangential walls in such a manner that the transverse 
section (which meets two segments) of the young organ shows four outer and 
two inner cells; the wall of the antheridium, one cell in thickness, arises from 
the former by further division; the small-cellcd tissue which produces the anthcr- 
ozoids from the latter. And/nca behaves also very similarly in these respects; the 
primary mother-cell of the antheridium appears as a papilla and is cut off by a 
septum; the lower cell produces a cushion-like support; the upper cell is again 
divided by a septum into a lower cell from the divisions of which the tissue of 
the stalk is formed, and an upper cell out of which the body of the antheridium 
arises; the formation of the latter takes place in the same manner as in Fontinalis . 
In Sphagnum the long stalk originates by transverse divisions of the growing 
papilla which produces the antheridium, the segments dividing again in a cruciform 
manner. The terminal cell then swells, and becomes divided by oblique walls of 
somewhat irregular position ; a tissue is thus formed, which, at a subsequent period, 
consists also of a wall formed of a single layer of cells and an inner very small-celled 
tissue which produces the antherozoids. 

The Archegonium consists when mature of a massive, moderately long base, 
which supports a roundish ovoid ventral portion; above this rises a long thin neck, 
generally twisted on its axis. The wall of the ventral portion, which consists, even 
before fertilisation, of a double layer of cells, passes up continuously into the wall of 
the neck consisting of a single layer of cells formed of from 4 to 6 rows (Fig. 256). 
Together they enclose an axial row of cells, the lowest of which, ovoid and lying 
in the ventral portion, produces the oosphere and the ventral canal-cell, the upper 
cells being the canal-cells of the neck. These and the ventral canal-cell become 
mucilaginous before fertilisation. This mucilage forces the four uppermost cells 
(stigmatic cells) of the neck apart, and thus opens the canal of the neck, allowing 
the antherozoids to penetrate to the oosphere. Fig. 256, //, shows the row of 
canal-cells at the period when disorganisation is beginning, and when the stigmatic 
cells of the neck are still closed. In reference to the morphological significance 
of the archegonia, Leitgeb has already shown that at least the first archegonium 
of Sphagnum arises immediately from the apical cell of the female shoot; In ore 
recently Kuhn found that in Andraca the first is formed from the apical cell, the 
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succeeding ones from its last segments, in the same manner as the anthcridia of 
the same genus, and those of Radula and Fontinalis. According to preparations 
which Schuch obtained in the laboratory at Wurzburg, the first archegonium 
arises also in typical Mosses from the apical cell of the shoot. 

The order of succession of the cells in the development of the archegonium 
has been studied by Kuhn in Andreeva , and by Janczewski in the Bhascacex, Bryincx, 
and in Sphagnum. As in the Liverworts so here also, the whole archegonium is 
derived from an outgrowth of a superficial cell of the puntlum vegetationis . This 
is divided by a transverse wall (mm, Fig. 255 A) so as to form a lower cell 
(corresponding to the pedicel of the Liverworts) and an upper external cell, in 



1 ui Jiydrcmtttua : A lon^Umlm.i! scilum of tin* ctumnil of a w i ak f- malf plant (\ inn), a ,n< In tp>in.i, 
r^onium (v 5,71), h xf-nttal portion with the oosplu tc, h mik. m mouth still closed; the canal-i < Us ate 
'fried ml i> mucilage (the preparation had lam three days in ^lyietiiu); C the part near the mouth of the 
neck of a fcrtilhfd archf^onatiii, with dark red cell-walls. 


which, as in the corresponding cell of the antheridium, two oblique walls inclined 
in opposite directions appear. The two oblique cells thus cut oil give rise, at a 
later period, to the tissue of the lower part of the ventral portion of the archegonium, 
which is here more developed than in the Liverworts (Fig. 256, B). The upper 
cell undergoes the same divisions as it docs in the Liverworts ; the mode of 
formation of the ventral wall and of the central cell is the same in this group as 
in that ; but the formation of the neck is here quite different. Whereas in the 
Liverworts the first transverse division of the internal cell produces an upper cell 
which at once represents the * stigma' of the archegonium, the cell thus iormed 
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in this group acts like an apical cell, giving rise by a scries of longitudinal divisions 
to several tiers of cells, each tier consisting of three external cells and an internal 
canal-cell and in other respects resembling the single tier of neck-cells formed in 
the Liverworts. In this way a long and subsequently twisted neck is formed, 
consisting of six external rows of cells investing the central row of canal-cells. 
Below, the cells forming the neck become continuous with the wall of the ventral 
portion of the archegonium, which consists usually of two (four in Sphagnum) layers 

of cells. The central cell, which makes 
its appearance here earlier than in the 
Liverworts, becomes divided by a trans- 
verse wall into an upper cell, the ventral 
canal-cell, and a lower cell, the proto- 
plasm of which contracts and forms the 
oosphere (Fig. 256, B). The conversion 
into mucilage of the canal-cells and the 
opening of the neck take place in the 
same manner as in the Liverworts. 

The Sporogonium , which results from 
the fertilised oosphere, attains, in Sphag- 
num, almost perfect development within 
the actively growing ventral portion of the 
archegonium, which becomes transformed 
into the calyptra ; but in all other Mosses 
the calyptra is torn away from the vagi- 
nula at its base, by the elongation of the 
sporogonium, usually long before tin* de- 
velopment of the spore-capsule, and (ex- 
cept in Ardiulitim and its allies) is raised 
uj> as a cap. The neck of the arche- 
gonium, the walls of which assume a deep 
red-brown colour, still for some time 
crowns the apex of the calyptra. The 
sporogonium of all Mosses consists of a 

( Theca or Urn); but the former is very 
short in Sphagnum , Andrewa, and Archi - 
dium, longer in most other genera, and with its base planted in the tissue of 
the stem, which, after fertilisation, grows luxuriantly beneath and around the 
archegonium, forming a sheathlike investment, the Vaginula. The unfertilised 
archegonia may frequently be seen on the exterior slope of the vaginula, since 
only one archegonium is usually fertilised in the same receptacle, or it is only 
in the one first fertilised that an embryo is developed. The capsule has in 
all Mosses a wall consisting of several layers of cells and a distinct epidermis which 
sometimes possesses stomata 1 ; the whole of the inner tissue is never used up in 

1 The stomata upon the capsules of Mosses are peculiar, as Schiinper has shown, in th<8t the 
mother cell of a stoma is not divided into two gunid cells, for the dividing wall docs not extend 



1 !(., bittinint h\\ ut it , .1 origin of tin sporo- 
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the formation of spores, even when, as in Archidium , it is subsequently supplanted 
by them ; a large part of the central tissue remains as the so-called Columella, and 
it is at the circumference of this that the mother-cells of the spores are formed. 
The structure of the mature capsule, and especially the contrivances for dispersing 
the spores, are, however, so different in the various principal sections of Mosses 
that it will be better to consider them more closely separately, and the more so 
because by this means we shall at the same time arrive at the distinctive characters 
of the larger natural systematic groups. 

the mode of origin of the sporogonium there is, as might be expected, 
less variety. [The oospore is first of all clothed with a cell-wall, continues to grow 
considerably, and is then divided by a horizontal or slightly oblique wall ( basal 
wall ). The lower (liypobasal) of these two cells undergoes only one or two divisions, 
and, as in Jungermannicx, contributes but little to the formation of the embryo. 
The upper ( epibasal ) cell gives rise to the capsule and the seta : a two-sided apical 
cell is formed in it, by means of two oblique divisions.] Hofmeister asserts that in 
Bryum argenteum the upper cell (that facing the neck of the archegonium) is divided 
once or twice by horizontal septa before the first oblique division, while in Pliascum 
and Andreeva this oblique septum is formed immediately after the first horizontal one. 
The apical cell now forms two rows of segments by partition-walls inclined alter- 
nately, and these segments are next divided by radial vertical walls, followed by 
further numerous transverse divisions. By this process the young sporogonium is 
transformed into a multicellular body which is usually fusiform, the lower end not 
participating in the growth in length. A swelling of this lower end, such as usually 
occurs in Hepaticte, takes place also in certain cases such as Sphagnum , Archidium , 
and Phascum. The apex of the sporogonium now becomes inactive, and beneath it 
the capsule is formed as a spherical, ovoid, cylindrical, or frequently unsymmetrical 
swelling which originates, in the typical Mosses, only after the elongation of the 
fusiform or cylindrical sporogonium, and after the raising up of the calyptra. The 
internal differentiation of this mass of tissue, at first homogeneous, gives rise to 
the various tissues which compose the capsule of Mosses, and especially to the 
mother-cells of the spores which first of all become isolated and then divide so 
as to form four spores. The contents of the mother-cell begin to divide into 


completely across it ; it forms simply a trabecula between the outer and the inner wall, which splits 
into two lamella, Retween these is the opening of the stoma. 

1 [The embryology of Mosses is treated of in the following works. Hofmeister, On the higher 
Cryptogamia, Kay Soc. 1862. — Schimpcr, Rech. anal, cl physiol, sur les Mousses, 1848. — Kiihn, 
Entwick. d. Andreicacecn, Rot. Mitthcil. von Schenk und Eucrssen^i874 — Vouck, Entwick. d. Sporo- 
goniums von Orthotrichum, Sitzbcr. d. Wien. Akad. 1S76 — Lcitgcb, Das Sporogon von Archidium , 
ibid. 1879. — Kienitz-Gerloff, Rot. Zeitg. 1878. It appears that the tissue of the sporogonium presents, 
at an early stage, a differentiation into an amphithecium , from which the wall of the capsule .and of 
the spore-sac are derived, and a ccntial endotheciutn , coriesponding to the future colunulla and 
sporogenous layer. Ltitgcb has however pointed out Hint in the Sphagnacere the sporogenous layer 
is probably derived from the amphithecium. It is of interest to note also that, as Goebel has 
pointed out, the spores of certain Vascular Cryptogams arc developed, like those of Mosse^, from a 
layer of cells {archetporiutn), {vide infra, p. 388). The development of the spores from a layer of cells 
occiifci also in the developing sporogonia of some Liverwoits: it is distinct in An/huceros , less so in 
the Jungermanniefe, still less in the Marchantiecc, and does not take place in Kiccia . ] 
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two, but this bipartition is usually not completed, the division into four taking 
place at once. The preparation for the formation of spores takes place simulta- 
neously cvcrj'wherc within the same capsule. The ripe spores are roundish or 
tetrahedral, surrounded by a thin finely granulated exospore, which is of a yellowish, 
brownish, or purple colour. Besides protoplasm, they contain chlorophyll and 
oil. In Archidium , where only sixteen are formed in each capsule, they are 
about I mm. in size, in the highly developed Dauhsonia scarcely mm - (Schimper). 
When kept dry the spores often retain their power of germination for a long time, 
but when moist they frequently germinate after a few days, those of Sphagnum 
after two or three months. 

The time necessary for the formation of the sporogonium varies greatly in the 
different species, but is usually very long in comparison with the small size of the 
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body concerned. The Pottieae blossom in summer, and ripen their spores in the 
winter ; the Funariex* are perennially in blossom, and have constantly sporogonia in 
all stages of development, each occupying for its completion probably 2 to 3 months; 
Phase um cuspidalum developes in the autumn from its perennial underground proto- 
nema, and ripens its spores in a few weeks before the winter. The bog Hypna, on 
the other hand (II. giganfeurn , cord folium , cuspidalum , miens, &c.), blossom in August 
and September, and ripen their spores in July of the next year; they often require 
ten months for the development of their sporogonia. II. cupressiforme bears in 
aulutnn at the same time sexual organs and ripe spores, and hence requires one year. 
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The same length of time is required by Philonotis , and by some species of Bryum 
and some of Polyirichum which blossom in May and June 1 . 

Mosses may be distributed naturally into four parallel orders : — 

1. Sphagnacese, 

2. Andreaeaceae, 

3. Phascaceac, 

4. Bryaceac (True Mosses). 

Of these the first includes a single genus, the second and third only a few ; the fourth all 
the remaining, extremely numerous genera. The first three groups recall, in many 
respects, the Hepaticae; even the series of true Mosses commences with some genera 
which still resemble that class; the lowest forms of all the groups exhibit many 
resemblances which are wanting in the most highly developed. We have therefore four 
diverging series. 

r. The Sphagnacese 2 include only the single genus Sphagnum . When the spores 
germinate in water, a branched protonema is developed, on which the leaf-buds imme- 
diately appear laterally (Fig. 258, C). 

On a solid substratum, on the other 
hand, the short protonema forms first 
of all a branching flat proton emal 
expansion (Fig. 259), on which (as 
in let r aphis) the leaf-buds appear. 

The leafy stems produce root-hairs 
only in the young state. The abun- 
dant protonema of true* Mosses is 
entirely wanting. The stem, as it 
increases in strength, produces later- 
ally, by the side of every fourth leaf, 
a branch, which, even at the' very 
earliest period, is again much divided; 
tufts of branches arranged regularly 
thus arise which form a compact mass 
at the summit of the stem, but lower 
down are more distant from each 
other. The separate branches de- 
velope in different ways ; one is pro- 
duced each year beneath the summit 
after the ripening of the fruit, and 
developes in a similar manner to the 
primary stem, growing up along with 
the prolongation of the latter, so that 
each year a false dichotomy takes 
place on the stem. These innovations 
afterwards become separated by the 
slow decay of the plant advancing 
from below, and constitute indepen- 
dent plants. Some of the branches of 
each tuft, however, turn downwards, become long, slender, and finely pointed, and 
are closely applied to the primary stem, forming a dense envelope around it; while other 

1 Klinggriiflf, Hot, Zeitg. t86o, p. 344. 

2 W, P. Schimpcr, Versuch cincr Entwickelungsgcschichte der Torfmoose. Stuttgart 1858 (with 
many beautiful plates). [Russow, lleitr. z. Kenntn. d. Torfmoose, 1865. — Lcitgeb, Wachsthum dcs 
Stammes und Kntwickclung der Anlhcridicn bei Sphagnum , Sitzbcr. d. Wien. Akad. 1869.] 
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branches of each tuft turn outwards and upwards. The leaves spring from the stem and 
the branches from a broad base, and arc usually arranged with a divergence of they are 
tongue-shaped or apiculate, and, with the exception of the first on the young stem, are 
composed of two kinds of cells arranged regularly. The young leaf necessarily consists 
of homogenous tissue ; but as the development progresses the cells of the veinless lamina 
become differentiated into large broad cells about the shape of a long lozenge, and 
into narrow tubular cells, running between the former, bounding them, and connected 
with one another into a network; they are, as it were, squeezed in among the larger 
ones. The larger cells lose the whole of their contents, and hence appear colourless; 
their walls show irregular narrow spiral bands with the turns some distance apart, as well 
as large dots, each of which has a thickened edge, while the part of the cell-wall which 
closes the dot is absorbed. Large, usually circular holes, arc thus formed in the cell-wall 
of the colourless cells. The intermediate tubular narrow cells retain their contents, 
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form chlorophyll-granules, and thus constitute the functional tissue of the leaf, the 
entire area of which is, however, smaller than that of the colourless tissue (Fig. 261). 
The stems consist of three layers of tissue, the innermost of which is an axial cylinder of 
thin-walled, colourless, elongated, parenchymatous cells; it is enveloped by a layer of 
thick-walled, dotted, firm (lignified ?), prosenchymatous cells, with their walls coloured 
brown. The epidermal tissue of the stem, finally, consists of from 1 to 4 layers of very 
broad thin-walled empty cells, which, in S. cymbifolinm y possess spiral thickenings and 
round holes similar to those of the leaves (cf. Fig. 8r). These colourless cells, both those 
of the leaves and of the epidermal layer of the stern and of the branches, serve as a 
capillary apparatus for the plant, through which the water of the bogs in which it grows 
is raised up and carried to the upper parts; hence it results that the Sphagna, which 
always grow erect, are penetrated with water to their very summits like a sponge, even 
when their tufts stand high above the surface of the water. 


MUSCI. 


379 


The archegonia and antheridia of Sphagnum arise on the fascicled branches, as long 
as they are still near the summit of the primary stem and belong to the terminal tuft. 
The time of bearing them is mostly in autumn and winter, but is not exclusively confined 
to these periods. The antheridia and archegonia are always distributed on different 
branches, sometimes even on different plants, and in this case the male and female plants 
form large distinct patches. When the primary stem does not continue to grow during 
the development of the sporogonia in consequence of dry weather, these are to be found 
on the branches of the terminal tuft at a later period ; but when the supply of water is 
great and vigorous increase of length takes place, the fertile branches become separated 
from one another, and are subsequently found lower down on the stem ; the sporogonia 
and older mab branches are thus removed to a distance from the summit, although 
at the time of their development they stand near it. The branches which bear the 
antheridia are generally conspicuous externally by their imbricated leaves forming beauti- 
ful densely crowded orthostichics or spiral parastichies ; the leaves arc generally yellow, 
bright red, or especially dark green, and can hence be easily recognised (Fig. 260, a a). 
The antheridia stand, on the mature shoot, by the side of the leaves; they are never 


terminal, and are found only in the middle 
part of the male branch, one standing beside 
each leaf ; the male branch may therefore 
continue to grow at the summit, and be- 
come an ordinary flagellate branch. This 
position of the antheridia, and still more 
their roundish form and long pedicel, causes 
the Sphagnaceat to resemble some Jungcr- 
manniea’ ; the mode in which they open 
(Fig. 262) recalls the Hepaticac even more 
than the true Mosses. The archegonia 
arise at the blunt end of the female branch, 
the upper leaves of which form a bud-like 
envelope ; but the young perichirtial leaves 
are still contained within this at the time 
of fertilisation, although they afterwards 
become further developed. The archegonia 
are exactly like those of the rest of the 
Mosses; several of them are usually fertilised 
in one perichactium, but only one perfects 
its sporogonium. The development of it 
occurs within the perichactium ; the summit 
of the branch then begins to elongate ; it 
grows out into a long naked receptacle, and 
elevates the sporogonium contained in its 
calyptra high above the pericha*.tium. This 
so-called Pseudopodium must not, therefore, 
be confounded with the seta of other Mosses 
(see Andreaeaceac). At Fig. 263, J 3 , is shown 
in longitudinal section the nearly ripe spo- 
rogonium developed within the calyptra. 
Its lower part forms a thick base imbedded 
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in the end of the pseudopodiutn which is transformed into the vaginula. The spore- 
mother-cells arc formed from a cap-shapcd layer of cells beneath the apex of the 
spherical theca; the part of the inner tissue which is found beneath it forms a low 


nearly hemispherical column, which is in this case also termed the columella, although 
it is distinguished from the columella of true Mosses by not reaching to the apex of the 
theca. The mode of the formation of the spores from the mother-cells resembles that 
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of true Mosses ; but there occur, besides the ordinary (large) spores, also smaller spores 
in special smaller sporogonia, which owe their origin to a further division of the mother- 
cells (cf. Fig. 258, B). The theca opens by the detachment as a lid of the upper seg- 
ment of the wall of the spherical capsule, which is sometimes more strongly convex. 
The calyptra, which closely surrounds the growing sporogonium as a fine envelope, is 
ruptured irregularly. 

2. The Andreaeace® 1 arc small cespitosc Mosses which are very leafy and much 
branched ; their very shortly stalked theca is elevated, as in Sphagnum , above the 
pcrichietium on a leafless pseudopodium. The long apiculate theca raises up the 
calyptra in the form of a pointed cap, as in the true Mosses, while the short seta 
remains buried in the vaginula. The body of the young sporogonium becomes differen- 
tiated into a parietal tissue consisting of several layers which surrounds the simple layer 
of the spore-mothcr-cells without any intermediate cavity, and a central mass of tissue, 
the columella : in the same manner as in the Sphagnaccac, the layer of cells which 
produces the spores is bell-shaped and closed above, the columella terminating beneath 
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it. 7 'he ripe theca docs not open by an operculum, but by four longitudinal slits at 
the sides ; four valves are thus formed united at the apex and at the base, which are 
closed in damp, but open in dry weather. 

3. The Phascace® arc small Mosses, the short stems remaining attached to the 
protonema until the spores are ripe ; they may be considered as the lowest form of the 
following group, to which the genus Phascum forms the transition. They are, however, 
all distinguished by their theca not opening by an operculum, but allowing the escape 
of the spores only by its decay. While in the genera Phascum and lip heme rum 2 the 
internal diiferentiation of the theca corresponds essentially to that of true Mosses, 
although more simple, the genus Archidium displays a more considerable deviation, 
and as an interesting transitional form may be examined a little more closely 1 * 3 . The 

1 J. Kiihn, Zur Entwickelungsgesehichte der Andrercaccen. Leipzig 1870. 

8 J. Muller, in Jahrbuch fur. wiss. Hot. 1867, vol. VI. p. 237. 

3 Ilofmeister, in Bericht der kbnigl. Siichsieh. GeselEch. der Wiss. 1854, April 22. [See also 
Leitgeb, Das Sporogon von Archidium , Sitzbcr. cl. Wien. Akad. 1879. lit shows that the mother- 
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very short seta of the sporogonium swells, as in Sphagnum and Hepatic# ; the 
roundish theca ruptures the calyptra laterally, without raising it up as a cap. Arcbidium 
agrees with the true Mosses in the formation in the theca of an intercellular space 
running parallel to its lateral surface, which separates the wall from the inner mass 
of tissue. The latter appears as a column continuous at the base and apex with the 
wall of the theca. But while in the true Mosses a layer of cells parallel to this inter- 
cellular space produces the spore- mother -cells, it is here only a single cell lying 
eccentrically in the inner mass of tissue that becomes the primary mother-cell of all 
the spores (Fig. 264, A). It grows considerably, and supplants the other cells, until 
it lies free in the hollow of the theca; it then divides into four cells, each of which 
produces four spores. The wall of the primary mother-cell remains entire, while the 
sixteen spores grow, and fill up the whole of the theca, the inner cell-layer of which 
is also absorbed (Fig. 265). 

4. In the BryacecB or True Mosses the sporogonium is always stalked, and the 
seta is usually of considerable length. The seta is cylindrical, obtusely pointed 
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below, and firmly implanted in the vaginula; the theca always opens by the de- 
tachment of its upper part as a lid ( Operculum ) ; the operculum ’is either simply and 
smoothly detached from the lower part of the theca, or a layer of epidermal cells 
termed the Annulus is thrown off in consequence of the swelling of their inner walls, 
and the operculum in this way separated from the theca. Most commonly, after the 
operculum has fallen oft', the margin of the theca appears furnished with appendages 
of very regular and elegant form arranged in one or two rows; the separate append- 
ages arc termed leeth or Cilia, the \yhole together the Peristome; if the peristome is 
wanting, the theca is said to be gymnostomous. The theca is at first a solid homo- 
geneous mass of tissue; the differentiation of its interior begins with the formation of 
an annular intercellular space which separates off the wall of the theca consisting of 
several layers of cells ; but the wall remains attached above and below to the colu- 


cells of the spores are not derived from a single primary cell. A variable number of spore-mother- 
cells (1-7) are developed independently, each of which gives rise to four spores. They are arranged 
quite irregularly. 
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mella. The intercellular space is traversed by rows of cells which stretch across from 
the wall of the theca to the inner mass of tissue ; they resemble most nearly proto- 
nemal filaments, or those of Alga*, but have been formed by simple differentiation of the 
tissue of the theca. They contain chlorophyll-granules like the inner cell-layers of 
the wall. The outer layer of the wall of the theca is developed into a very character- 
istic epidermis strongly cuticularised externally. The third or fourth layer of cells of the 
inner mass of tissue, which is therefore separated from the annular air-cavity by two or 
three layers of cells (forming the spore-sac), produces the mother-cells of the spores. 
The cells of this layer are first of all distinguished by being densely filled with proto- 
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plasm, in which lies a large central nucleus, and are attached without interstices to the 
surrounding tissue in a parenchymatous manner. From their division proceed the spore- 
mother-cells, which become isolated by the deliquescence of the cell-walls, and then float 
• in the fluid contained in the spore-sac, till they form the spores by repeated division. 
The spore-sac is the term given to those layers of cells by which the large air-cavity is 
separated from the spore-mother-cells. It seems convenient to consider the layers 
which bound the spore-cavity on the axial side (Fig. 268, /) also as a part of the 
spore-sac; its cells contain on both sides starch-forming chlorophyll-granules. The 
inner large-celled tissue, which contains but little chlorophyll, and is thus surrounded 
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on all sides by the spore-sac, is distinguished as the Columella . The spore-sac is ruptured 
by the casting off of the operculum, but the columella remains dried up, and in Poly - 
tricbum there remains also a layer of cells, the Epipbragm> attached to the points of the 
teeth of the peristome, and covering the opening of the theca. 

We must now examine somewhat more closely the origin of the peristome. In 
those genera which, like Qymnostomum , do not form a peristome, the parenchyma 
which lies immediately beneath the operculum is homogeneous and thin-walled ; when 
the theca is ripe, it contracts and dries up within the operculum, which is formed 
essentially only of the epidermis ; or it remains attached to the columella and forms 
a thickening at its summit, which projects over the opening of the theca; or again 
it forms a kind of diaphragm, which closes the mouth of the theca after the casting 
off of the operculum ( Hymenostomum ). The transition to the genera provided with 
a true peristome is furnished by Tetrapbis . In this genus the firm epidermis of the 
upper conical part of the theca falls off as the operculum, while the whole of the tissue 
immediately beneath the operculum, the two outer layers of which are thick-walled, 
splits across into four valves. These are also termed by systematists a peristome, 
although their origin and structure are widely different from that of the true peristome 
in other genera. For, except in the Polytrichaceae, neither the teeth nor the cilia con- 
sist of cellular tissue, but only of thickened and hardened parts of the walls of a layer of 
cells, which is separated by some layers of thin-walled cells from the epidermis which 
forms the operculum ; the latter layers, as well as the delicate parts of the former, 
become ruptured and disappear, while the thickened parts of the wall remain after 
the casting off of the operculum. This will be rendered clear by an example. Fig. 
271 represents a part of the longitudinal section which bisects the theca of Funaria 
bygromet rica symmetrically, corresponding to the part in Fig. 266, 6\ designated a ; 
t> t is the reddish brown epidermis strongly thickened on the outside ; at the part where 
it bulges its cells are of a peculiar shape, forming the ring or annulus ; se is the tissue 
lying between the epidermis of the theca and the air-cavity b ; the large-celled tissue p 
is the prolongation of the columella into the cavity of the operculum ; at S are seen 
the uppermost spore-mother-cells; directly above the air-cavity b rises the layer of cells 
which forms the peristome ; its walls (a), which face outwards, are strongly thickened, 
and of a bright red colour ; the thickening is continued also partially along the septa ; 
the longitudinal walls which lie on the axial side of the same layer of cells (/) are also 
coloured, but less strongly thickened. In Fig. 272 is shown further a part of the 
transverse section through the basal part of the operculum ; r r are the epidermal cells 
placed immediately above the annulus, forming the lower edge of the operculum ; a 
and i the thickened parts of the layer of cells concentric with the operculum, which 
form the peristome. A section near the apex of the operculum would show, instead 
of the broad thickening-masses /, /', /", only the middle part of the inner wall, but 
more strongly thickened. If now it is supposed that when the theca is ripe the annulus 
and the operculum fall off, the cells p and those which lie between a and e (Fig. 271) 
disappear, and that the thin pieces of wall between a> a'\ and between i, in Fig. 
272, are also destroyed, then the thick red pieces of wall alone remain, forming sixteen 
pairs of tooth-like lobes pointed above, crowning the edge of the theca in two concentric 
circles. The outer row are termed Teeth, the inner row Cilia. The thickened cells at 
/, Fig. 271, unite the base of the teeth with the edge of the theca. According as 
the layer of cells which forms the peristome consists, in transverse section, of a larger 
or smaller number, and according as one or two thickened walls are formed within each 
one of these cells, the number of teeth and cilia varies; it is always however a multiple 
of four, generally 16 or 32. In many cases the thickening at / is wanting; the peri- 
stome is then simple, and formed only of the teeth of the outer row. The thickenings 
at a are very commonly much stronger than is the case in Funaria , and the teeth there- 
fore stouter. The thickened parts of the wall may also partially or entirely coalesce 
laterally with one another ; and then the parts of the peristome either above or below 
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form a membrane ; in this case the teeth appear split from one another above, and the 
endostomc (the inner peristome) is composed of a lattice-work of longitudinal or trans- 
verse ridges instead of cilia (Fig. 267), A great variety is met with here, which may 
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easily be understood by the beginner when he has obtained a clear idea of the principle. 
The inner and outer sides of the teeth of the peristome are hygroscopic to a different 
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degree; hence, as the amount of moisture in the air varies they bend inwards or out- 
wards, or sometimes in a spiral whorl, as in Barbtda . 

The genus Polytrichum , to which the largest and most highly developed Mosses 
belong, differs from the other genera in several points in the structure of its theca. 
The teeth of the peristome are composed not simply of single pieces of membrane, but 
of bundles of thickened prose nchymatous cells ; these bundles are horseshoe-shaped ; 
the branches of two adjoining bundles directed upwards form together one of the 32-64 
teeth. A layer of cells uniting the points of the teeth (Fig. 273, ep) remains, after the 
casting off of the operculum and the drying up of the adjoining cells, as an epiphragm 
stretched across the theca. The sporc-sac is, in some species (*.<£. P.piliftrum ), separated 
from the columella by an air-cavity, which is penetrated, like the outer air-cavity, by 
conferva-like rows of cells. In most species the seta is swollen beneath the theca, 
forming the Apophysis , a phenomenon which is repeated in a somewhat different manner 
in the genus Splachnum , where this part is sometimes expanded transversely as a flat 
disc. 


GROUP III. 

VASCULAR CRYPT O G A M S. 


Under this term are included in one group the Ferns, Kquisetacese, Ophio- 
glosseas, Rhizocarpeai, Lycopodiaceoc, Selaginelleoe, and IsoCtea*. As in the 
Muscinese, the life-history of the plant is divided into two generations which are 
extremely different both morphologically and physiologically. From the spore 
proceeds first of all a sexual generation ; from its fertilised archegotiium is pro- 
duced in the second place a new plant, which docs not form sexual organs, but in 
their place a number of spores. In the Ferns, F.quisetaceue, and Lycopodiaceie these 
spores are all alike ; the Rhizocarpoie, Selaginellcce, and Jsoeteai, on the contrary, 
produce two kinds of spores, large and small, Macrospores and Microspores. 

The Sexual Generation [Oophore] which is developed from the spore always 
preserves, in Vascular Cryptogams, the form of a thallus ; it never attains, as in the 
more highly developed Mosses, to a differentiation into stem and leaf, but remains 
small and delicate, and closes its life with the commencement of the development of 
the second generation. It appears, therefore, externally as a mere precursor of further 
development, as a transitional structure between the germinating spore and the 
variously differentiated second generation. Hence the name Prothallium has been 
given to this first or sexual generation of Vascular Cryptogams. 

In the Ferns and Equisetacetc the prothallium resembles the thallus of the 
lowest Hepaticx*. The prothallia sometimes continue to grow for a consider- 
able time ; they contain a large amount of chlorophyll, and form numerous root- 
hairs. After they have thus attained sufficient vigour by independent nourishment, 
they produce archegonia and antheridia, usually * in considerable numbers. A 
tendency to become dioecious is sometimes manifested in these prothallia, although 
they proceed from similar spores; both kinds of sexual organs being, however, 
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often produced on the same prothallium. In the Rhizocarpex, Selaginellese, and' 
Iso&teae, on the other hand, the separation of the sexes is already prefigured by the 
two kinds of spores, the Macrospores being female, in so far as they develope 
a small prothallium, which produces exclusively archegonia, or sometimes only 
a single one ; the Microspores being male, inasmuch as they develope a still smaller 
prothallium bearing exclusively antheridia. The female prothallium of the Rhizo- 
carpete is a small appendage of the macrospore, formed in its interior but afterwards 
developed externally although nourished by it; in Selagincllece and Isoetex the 
prothallium is developed in the spore itself, filling it up with a mass of tissue, the 
archegonia becoming exposed only by the splitting of the cell-wall of the spore. 
The male prothallium consists, in these groups of plants, of a single sterile or 
vegetative cell, and of a larger or smaller number of cells in which antherozoids 
are developed. 

The Archegmiii of Vascular Cryptogams, like those of the Muscinex, are 
bodies, ^consisting of a ventral part which encloses the oosphere, and of a neck, 
usually short and composed of four longitudinal rows of cells. The two groups 
differ in the fact that in Vascular Cryptogams the tissue of the wall of the ventral 
part is formed from the prothallium itself; and the ventral part of the archegonium 
is therefore enclosed in the tissue of the sexual generation, the neck only projecting 
beyond it. The archegonium originates from a superficial cell of the prothallium 
which is divided by a tangential wall into two, an external and an internal. The 
former forms, by intersecting longitudinal and subsequent transverse divisions, the 
four rows of cells of the rather short neck ; the latter grows outwards between the 
neck-cells into a projection which becomes separated, forming the neck-cell, and 
another segment is cut oft' from the large inferior cell (the central cell, Janczcwski) 
to form the ventral canal-cell. Thus there arises from the original internal cell an 
axial row of three cells, the lowest of which is the oosphere. The two neck-cells 
become converted into mucilage as in the Muscincx. The mucilage thus produced 
in the neck finally swells up considerably, forces apart the four apical cells of the 
neck, and is expelled ; an open canal is thus formed, leading from without to the 
oosphere ; the expelled mucilage appears to play an important part in the conduc- 
tion of the * swarming’ antherozoids to the opening of the neck. Fertilisation is 
always effected by means of water, which determines the opening of the antheridia 
atul archegonia, and serves as a vehicle for the antherozoids. The advance of these 
latter as far as the oosphere, and even their entrance into and coalescence with its 
protoplasm, has been directly observed in the different groups. 

The Anfherozoids' are, like those of the Muscinex, spirally coiled threads usually 
with a number of fine cilia on the anterior coils. In the cases hitherto observed they 
arise from the peripheral part of the protoplasm of their small mother-cells, a central 
vesicle of protoplasm, containing starch-grains, being left over, which, adhering to a 
posterior coil of the anthcrozoid, is often dragged along by it, but is detached before 


* [On the development of the antherozoids of the Vascular Cryptogams, see Strasburgcr, Zell- 
bildung und Zelltheilung, 3rd. cd. 1S80. The formation of the anthcrozoid'is. in all cases, preceded 
by the disapjxiarance of the nucleus of the mother-cell, its substance becoming diffused throughout 
the protoplasm. j 
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its entry into the archegonium. The mother-cells of the antherozoids arise in the 
antheridia, which in Ferns and Equisetaceae project free from the prothallium as 
roundish masses of' tissue, but in the Ophioglosseae and Lycopodium are imbedded 
in the prothallium. Among Rhizocarpex, Salvinia forms a very simple anthcridium 
which projects from the microspore, while the Marsiliaceae and Sclaginelleoe pro- 
duce their antherozoids within the microspore itself, after a few-celled mass of 
tissue has been formed in it which must be considered as a rudimentary 
prothallium. 

The Asexual Genera lion [Sporophore] which produces spores, arises from the 
oospore or fertilised oosphere in the archegonium. In Ferns, Equisetaceae, and 
Rhizocarpeae, its earliest divisions, the rudiments of the first root, the first leaf, and 
the apex of the stem can be recognised, while at the same time a lateral outgrowth 
of its tissue, called the Foot, commences at the bottom of the ventral part of the 
archegonium, and draws from the prothallium the first nourishment for the young 
plant. The ventral part of the archegonium at first grows vigorously (except appa- 
rently in the Selaginelleae), enveloping the embryo, until this latter finally protrudes 
free, leaving however, for some time, the foot still attached to it as a nutritive organ. 
This process offers an unquestionable analogy to the formation of the calyptra of 
the Muscinex*. While, however, the spore-producing generation of the Muscinece 
remains a mere appendage of the sexual plant, appearing in a certain sense as its 
fruit, the corresponding generation of Vascular Cryptogams developes, on the con- 
trary, into a conspicuous, highly organised, independent plant, which frees itself at a 
very early period from the prothallium, and obtains its own nourishment. It is this 
asexual generation which is called, in ordinary language, simply the Fern, Kquisetum , 
&c. ; it always consists of a leafy stem, usually producing a number of true roots ; 
roots may, however, occasionally be entirely absent, as in sqme Hymenophyllaceoe, 
and in Psi/otutn and Salvinia. In many cases, especially in Ferns, Equiselacex, and 
(especially the extinct) Lycopodiacex, the spore- producing generation attains great 
dimensions with an unlimited term of life ; only a few species are (like Salvinia) 
annual, or very small, resembling Mosses in habit, as Azolla and some Sclaginelleoe. 

The Leaves are either simple, unsegmented, or variously branched (Filicinex). 
There does not, however, occur so great a variety due to metamorphosis in the 
forms assumed by the leaves in the same plant as in Phanerogams. 

The Roofs usually arise in acropetal succession on the stem (or on the leaf- 
stalk in some Ferns), and branch monopodially or dichotomously ; they always 
remain nearly uniform in size, the first root never attaining the dimensions of a 
tap-root, as in many Phanerogams. The lateral roots do not arise, as in Phanero- 
gams, from the pcricambium, but from the innermost cortical layer of the main 
root. 

The Differentiation of the Systems of Tissue attains a high degree of perfection 
for the first time in this group of plants. The epidermis, fundamental tissue, and 
fibro- vascular bundles are always clearly distinct, and are composed of cells of 
various forms. The fibro-vascular bundles are closed ; the phloem usually sur- 
rounds the xylem qf each separate bundle like a sheath. 

The Branching of the Stem is very different in the different classes of Vascular 
Cryptogams; it is essentially monopodia], but it is often apparently dichotomous : 
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axillary branching:, in the sense in which the term is applied to Phanerogams, 
probably does not occur here. 

The Development of the Sporangia 1 is in most cases evidently a function of 
ordinary or of specially modified leaves ; it is only when they arise singly upon the 
upper surface of leaves, as in Lycopodium , that they come to stand in the axils of the 
leaves: in Selaginella they arise from the stem, and in Psilolum and Tmesipleris 
from lateral branches. In the earliest stage of their development they are in the 
Filicineaj outgrowths of single epidermic cells: in the other Vascular Cryptogams 
they are developed from a group of cells. [The mother-cells of the spores are 
derived from one or more cells which lie at first immediately beneath the epidermis 
of the sporangium (hypodermal), and which Goebel terms the archcsporium. The 
archesporium becomes invested by one or more layers of cells, derived either from 
the division of its own cells or of the cells forming part of the sporangium, to which 
the name of tapetum is given. As the sporangium ripens, the cells of the tapetum 
usually Ifecotne absorbed, and the mother-cells of the spores become isolated from 
their combination into a tissue. From each mother-cell four spores are developed : 
this takes place in two ways ; either the cell is divided into two by a cell-wall after 
the nucleus has divided, and this process is repeated in each of the two daughter- 
cells, or the nucleus divides into two and each of these again into two before any 
cell-wall is formed. The latter is by far the more general mode. The distinction 
between macrospores and microspores in the Rhizocarperc and Sclaginelleae is 
manifested only after the division into four of the mother-cells which were pre- 
viously alike.] 

It is clear from what has now been said that the sporangium of Vascular 
Cryptogams is equivalent, from a physiological but not from a morphological point 
of view, to the sporogonium of Mosses. This latter forms by itself the whole of 
the asexual generation of Mosses ; while the sporangium of Vascular Cryptogams 


1 [On the Comparative Development of the Sporangia see Goebel, Hot. Zeitg. 1880-81. lie 
classifies the Vasculai Cryptogams according to the mode of development of t lit ir sporangia, as 
follows : — 

Leptosporangiata. The sporangium is developed from a single epidermal cell. The arche- 
sporium is a single cell, anti the tapetum is deiived from it. 

Filices ; Rhi/ocarpuv. 

Eusporanginta. The sporangium is developed from several cells, which, except in the case of 
1 socles, are all superficial. 

a. Archesporium unicellular; tapetum derived not from it, but from the tissue of the sporangium. 

Ophioglossca? ; Marat tiaceie ; Kfjuisetace.'e, 

b. Archesporium unicellular; tapetum deiived from it. 

P silo turn ; Tmesipleris (?). 

c. Archesporium unicellular; tapetum derived partly fiom it, and partly from the tissue of the 
sporangium. 

Selaginella, 

d. Archesporium multicellular (a row of cells) ; tapetum formed not from it but from the tissue 
of the sporangium. 

Lycopodium, 

e. Archesporium multicellular (a layer of cells) ; tapetum derived from it. 

Isoeies. 

The Phanerogams also belong to the F.usporangiala, see infra.] 
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is a relatively small outgrowth borne on either the leaf or the stem of the asexual 
generation which consists of stem, leaf, and root. 

The proof that what is termed the Moss-fruit, /'. e. the sporogonium, is, from its 
position in the alternation of generations, the equivalent of the entire leafy and rooting 
spore-producing plant of Vascular Cryptogams, was brought forward by Hofmcister 
as long ago as 1851 (Vergleichende Untersuchungen, p. 139 1 ). In connection with the 
relationships pointed out by him between the Selaginellesc and Isoeteae on the one hand 
and the Conifera; on the other, this discovery is one of the most fertile in results that 
has ever been made in the domain of morphology and classification. The researches 
of Pringshcim and Hanstcin on the development of Rhizocarps, carried out with great 
acuteness and deep penetration, those of Ntigeli and Leitgeb on the roots of Vascular 
Cryptogams, and of Cramer on the apical growth of the stem of Kquisetacear and Lyco- 
podiacea*, to which numerous more recent observations may be added, have not only 
contributed to a more accurate knowledge of this group of plants, but have especially 
cleared up the fundamental morphological facts. Since the appearance of the first 
edition of this book, our knowledge of the alternation of generations has been enriched 
by Millardct’s discovery of the male prothallium in Isohlca: and Selaginellca* ; and the 
labours of Millardet, Strasburger, Kny, and especially of J anczew.sk i, have resulted in 
a more complete acquaintance with the development of the sexual organs and of the 
process of fertilisation itself in its details. 

Taxonomy. Our ideas as to the mutual relationships existing between the various 
divisions of Vascular Cryptogams are at present very variable, they are, in fact, in a 
state of transition. The division into Isosporear and Hclerosporex suggested by me 
in the first edition and retained in the third edition of this book seemed to be fully 
justified as long as it could be assumed that in the Lycopodica? two forms of pro- 
thallium were developed as in the Selaginclletr and Isoetea*. This assumption has 
been proved untenable by Fankhauscr’s discovery of the monoecious prothallium of 
Lycopodium. Still a separation of the isosporous Lycopodiea: on this account from the 
hctcrosporous Selaginelleae and Isoctea* would be unjustifiable. Besides, recent researches 
have shown that the Rhizocarpca? are much more closely related to the true Ferns than 
to the hctcrosporous Selagincllex and Isoeteae. As a consequence, the division of Vas- 
cular Cryptogams into Isosporese and Heterosporcac must be given up as being purely 
artificial, and we arc led to assume that the differentiation of primarily similar spores 
into microspores and macrospores has taken place in two distinct groups of these 
plants; for the first time, in a developmental series which begins with the true Ferns, 
for the second, in a series which begins with the Lycopodieir. This assumption is 
supported by the fact that the differentiation of two kinds of spores takes place in 
the Rhizocarpea: in a manner very different from that in which it takes place in the 
Selagincllcie and Isoeteae. Further, since I pointed out in the first edition (1868) that 
the sporangia of some forms arise as multicellular bodies, whereas others arc developed 
from single cells, younger botanists (especially Lucrssen and Russow) have extended 
my observations and have laid stress upon the distinction of Trichosporangia from Phyilo- 
(Caulo-) sporangia as a point of great systematic importance. 

If, in accordance with the present state of our knowledge, I give up my former 
classification, I must also, on the same grounds, decline to accept the classifications 
suggested by Lucrsscn 2 and by Russow 3 , for they are based on isolated characteristics, 

1 [On the Germination, Development and Fi notification of the Higher Cryptogamia, and on 
the Fructification of the Conifera*, by W. Hofmcister; translated by F. Currey ; Ray Soc. 1862, 

P- 434 .] 

1 Lucrssen, in den Mitth. aus dem Gesammtgebiet der Botanik von Schenk und Lucrsscn, 
Bd. I. p. 107. 

Russow, Veigleichende Untcisuchungcn, St. Pelcislmig 1872. 
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upon which too much importance is laid, and therefore run counter to natural affinities 
and cause forms which are widely different to be placed side by side. 

The following new classification lays no claim to be regarded as definitely indicating 
for all time the relationships existing among Vascular Cryptogams, but I believe that 
it corresponds more closely than any previous arrangement with the present state of 
our knowledge on the one hand, and with those affinities which may be said to be 
self-evident on the other. It appears certain that the three Classes here formed, 
the Fquisetinex, the Filicinex, and the Dichotomex, represent three distinct and 
separate types. Great difficulties arc offered to the systematic sub-division of the 
Filicineae, for certain groups of them, especially the Osrnundacex, the Schizxacex and 
the Gloicheniaccx, have not yet been thoroughly investigated from a morphological 
point of view. 


Syskmaiic review of i he Ytmular Cryptogams . 

CLASS VII. 

F.QUISETINKA. 

The spores are of one kind and give rise to prothallia which vegetate independently, 
and which are usually dioecious, the female prothallia being the larger, the male the smaller. 
The second generation consists of a copiously branched stem, with well-defined inter- 
nodes, and bearing relatively small sheathing whorls of leaves. The branches arise in 
whorls and in strict acropctal order from the nodes of the stem. A root may arise 
below each branch ; its ramification is monopodial. The sporangia are borne upon 
metamorphosed peltate leaves which form a terminal spike : they originate as multi- 
cellular protuberances (emergences), from five to ten in number upon each scale. The 
mother-cells of the spores, it appears, are derived from a unicellular archesporium. 
Both stem and root increase in length by means of a large apical cell which gives rise 
to three rows of segments. The fibro-vascular bundles of the stem are arranged in 
a circle; their xylem is rudimentary, resembling that of the bundles of Monocotyledons. 
The axial fibro-vascular cylinder of the root has no pericatnbium. 

Family. (i) Fquisctaecae. 

CLASS VIIL 


The majority of these plants possess spores of one kind only, from which inde- 
pendent montecious prothallia are developed ; but the Rhizocarpex have macrosporcs 
and microsporcs forming rudimentary prothallia which never become free from the 
spore. The second generation is a stem bearing numerous well-developed leaves which 
are usually much branched. The stem either does not branch, or it does so but rarely, 
and it bears numerous roots. The' sporangia arc borne on ordinary leaves, or on leaves 
which have been specially modified: they are usually aggregated into small groups (Sori). 
The sporangia of the Ophioglossex and Marattiacex are from the first multicellular, and 
those of the Filices are developed from single superficial cells: the archesporium is 
unicellular. An apical cell is present in the stem and in the root: it forms, in the 
stem, two or three rows of segments, in the root usually three rows. The fibro-vascular 
bundles arc generally very well developed, and the central xylem, which consists for 
the most part of scalariform trachcudcs, is usually surrounded by the phloem. 

Order J. Stipulat®. The spores, so far as is at present known, are of one kind 
and give rise to independent monoecious prothallia. The second generation is a simple, 
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usually unbranched, erect or oblique stem of a somewhat tubercular form, bearing leaves 
arranged close together in a spiral manner. The leaves are relatively large, are usually 
much branched, and usually bear stipules at the base of their petioles. The sporangia 
are borne either upon the under surface of ordinary leaves, or in spicate or paniculate 
fructifications which are metamorphosed leaf-segments. They arc derived from groups 
of cells which form projections upon the surface of the leaves. The mother-cells of 
the spores are found in large numbers. A single apical cell is present in the stem 
and root. 

Families. (1) Ophioglosseac. 

(2) Marattiacca*. 

(3) Osmundaceae. 

(4) Schizaeaceae. 

Order II. Filices. The spores are of one kind and devclope independent monoe- 
cious prothallia. The second generation is either an erect unbranched stem, or a stem 
which is more or less horizontal and bilaterally symmetrical and which branches occa- 
sionally. The leaves do not possess stipules, are circinatc in their vernation, and bear 
upon their laminar, which may or may not be more or less specially modified, very 
numerous sporangia usually arranged in sori covered by indusia. The sporangia arise 
from distinct epidermal cells, and usually sixteen spore-rnother-cells are formed in 
each. The sporangia are opened by means of the so-called ring (annulus). Both 
stem and root possess a single apical cell. The ground-tissue tends to become 
converted into brown sclerenchyma, which especially supports the sheaths of the 
fibro-vascular bundles. 

Families. (1) Gleicheniaceac (?), (Osmundaceae, Schizaeaceac?). 

(2) HymenophyJlacc&. 

(3) Cyatheacea*. 

(4) Polypodiacea*. 

Order III. Rhizocarpe®. The sporangia are of two kinds, those of the one kind 
containing macrospores, those of the other microspores. Within the macrospore a 
small prothallium is formed which docs not become separated from the spore; within 
the microspore the mother-cells of the antherozoids are formed from a very rudi- 
mentary prothallium. The second generation is a bilaterally symmetrical, horizontal, 
regularly branched stem, which bears leaves upon its dorsal surface in two or more 
rows, and roots upon its ventral surface. (Salvinia is rootless.) The sporangia arise 
from individual superficial cells of the placentae and are enclosed in sporocarps which 
may be uni- or multilocular, and are formed by metamorphosed leaves or segments of 
leaves. The placenta of each loculus of the sporocarp bears a sorus of sporangia, 
and there are sixteen mother-cells of the spores in each sporangium. The microspores 
arc formed in great numbers in each microsporangium (4 x 16), but only one macrospore 
in the macrosporangium comes to maturity. 'I 'he stem grows by means of a two- or 
a three-sided apical cell ; the root has always a three-sided apical cell. 

Families. (t) Salviniaceae. 

(2) Marsiliaceae. 


CLASS IX. 

Dichotomeje. 

The prothallia arc developed either from spores of one kind only and are then 
independent and monoecious, or they are developed from spores of two kinds (macro- 
and microspores), and then remain within the spore until the period of fertilisation. 
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The second generation is a simple or repeatedly branched stem, usually possessing roots 
and always bearing simple, unsegmented, comparatively small, but very numerous leaves, 
which are traversed by only a single fibro- vascular bundle. All the branchings of the 
stem and of the roots present the appearance of having originated dichotomously. 
The sporangia are borne singly upon the upper surface of the base of the leaves, or 
in their axils, or even in an extra-axillary position upon the stem. They originate as 
masses of cells derived in part (lsoetes) from internal tissues, covered by the epidermis 
which forms their walls. The archcsporium is multicellular in some cases, unicellular 
in others. 

Order I. Iiycopodiaceae. The prothallia, which are developed from spores of one 
kind only, are capable of independent growth and are monoecious. The roots branch 
dichotomously in alternate intersecting planes, and neither stem nor root possesses 
a single apical cell. The leaves have no ligula. The fibro-vasenlar cylinder of the 
stem consists of numerous xvlem-bundles, each of which is surrounded by phloem. 

Families. (r) T.y copod iea\ 

(2) Psiloteac. 

^ (3) Phylloglossea-. 

Order II. Iiigulatce. The spores are of two kinds. Each macrospore forms a 
rather large internal female prothallium, the archegonia of which only become exposed 
when the wall of the spore is ruptured. Within each microspore a rudimentary pro- 
thallium completely filling it is formed, certain cells of which give rise to the mother- 
cells of the antherozoids. T he second generation is of very different habit in the two 
families. The leaves are always provided with a ligula borne above their base, and 
below this lies the sporangium which contains either numerous microspores or four or 
more macrospores. 

Families. (1) Selaginellea:. 

(2) Isoeteac. 


CLASS VII. 

KO V I SET I N E/E 1 . 


The Sexual Gem radon (Oophorc). The spores of the Equisctace.T, so soon as 
they have attained the ripe condition (they retain their power of germination only 


1 G. W. KischofT, Die kryptogamischcn Gewachse (Numberg 1828). — W. I Iofmcister, Vergl. 
Enters. (1851). — Ditto, Ueber die Keimung tier Equiseten (Abh. tier konigl. Sachs. Gescll. d. Wiss. 

1855. vol. IV. p. 16K). — Ditto, Ueber Spoienentwickelungder Equiseten fjahrh. fur wiss. Pot. vol.lll. 
p. 283). — [Germination, Development, and Fructification of the Higher (Vyptogamin (Ray Society), 
PP- 267-306].-- Thurct (in Ann. des Sci. Nat. 1851, vol. XVI. p. 31).— Sanio, Ueber Epidermis 
und Spaltdffn ungen des Equis. (Linna-a, vol. XXIX. Heft 4).— C. Cramer, Eangenvvachsthum und 
Gcwebebildung \k\ E. arveme und sylvaiiatm ( Pflanzenphys Enters, von Nagel i und Cramer, 1855, 
vol. Ill ). — Duval-Jouve, Ilist Nat des Equiwtum (Paris 1864).— II Schachl, Die Spermatozoidcn 
im Pfianzenreich (Praunschweig 1864) — Max Recss, Entwickeluiigsgeschichte der Stammspitze von 
Equisetum (Jahrh. fiir wiss. Pot. 1867, vol. VT. p. 209). — Milde, Monographia Equisctorum, in Nova 
Acta Acad. Lcop. Carolina;, 1867, vol. XXXV.— Nagcli und Leitgeh, Eutstehung und VYaehsthum 



EQUISETINEjE . 


393 


for a few days), show, when sown in water or on damp soil, the preparatory 
phases of germination after a few hours. In the course of some days the pr<j- 
thallium becomes developed into a multicellular plate, the further growth of which 
then proceeds very slowly. The spore, which contains a nucleus and chlorophyll- 
granules, increases in size as soon as germination commences, becomes pear-shaped, 
and divides into two cells, one of which is smaller with scarcely any except colourless 
contents, and soon dcvelopes into a long hyaline 
root-hair (Fig. 274, /, ll 9 ///, w)> while the 
anterior and larger cell includes all the chloro- 
phyll-granules of the spore which multiply by 
division. This cell produces by further divisions 
the primary plate of the prothallium, which in- 
creases by apical growth and soon branches 
( [IT- VI). The process of multiplication of the 
cells is therefore apparently extremely irregqbr; 
even the very first divisions vary ; sometimes 
the first wall in the primary apical cell which 
contains chlorophyll is but lit tie inclined with 
respect to the longitudinal axis of the young plant 
(in E. Tehnatcia it sometimes coincides with it); 
in other cases, on the contrary, this cell developes 
into a longish tube, the apical part of which is 
tut off by a transverse septum (occasionally in 
K.arvrnsc)' The further growth is brought about 
by one or more apical cells dividing by trans- 
verse septa, and longitudinal walls are subse- 
quently formed in the segments in an order very 
difficult to determine. Ramification takes place 
by the bulging out of lateral cells, which then 
continue their growth in a similar manner. The 
chlorophyll-granules in the cells also increase con- 
tinuously by division. The young prothallia are; 
in E. r J dm a tcia, usually narrow and ligulate, and 
consist of but a single layer of cells. The older 
prothallia are, both in this and in other species, 
branched in an irregularly lobed manner ; one of 
the lobes takes, sooner or later, the lead in growth, becomes thicker and fleshy, 
consisting of several layers of cells, and puts forth root-hairs from its under side. 

The prothallia of the Equisetaccai are, in general, dioecious. The male pro- 
thallia remain smaller, attaining a length of a few millimetres, and produce arehegonia 
only in exceptional cases on shoots of later origin (Hofmcister). The female 

tier Wurzeln (Beitr. zur wissen. Bot. von Niigeli, Hell IV. Miinchen i867y-~Pfit7er, Ucbcr die 
Schutzscheide (Jalirb. fiir wissen. Bot. vol. VI. p. 297). — Kussow, Vergl Unteis. uber die Leil- 
biindclkrypl. Petersburg 1872, p. 41. — Janczewski, iiber die Archegonien, Hot. Zeil. 1S72, p 420. 
Van Tieghem, on the roots, in Ann. dcs sei. nat *th series vol. XIII. — [Sadcbeck, Ueb. die Kntwickc- 
Jung der Pruthallien der Sehachtelhalnie, Bot. Zeit. 187;.] 
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prothallia are larger (as much as \ inch) ; Hofmeister compares them to the thallus 
of Anthoceros punctatus , Duval-Jouve to a curled endive-leaf. Duval-Jouve states 
that the antheridia appear about five >veeks after germination, the archegonia much 
later. These statements refer especially to E. (intense, limosum , and palustre ; 
according to the same writer, the prothallia of E . Telniateia and sylvaiicum are 
broader and less branched; those of E \ ramosissimum and variegatum slenderer 
and more elongated. 

The Antheridia 1 arise at the end or margin of the larger lobes of the male 



J-'H,. , 7 h — I oIjc Of d highly developed fem.de prothallium of l'qut\etnm arrtnse cut through vertically (after Uofmvibtur, 
X about Co) ; a a a two abortive and one fertilised archcKonuun, h root-hairs. 


prothallium. The apical cells of the enveloping layer of the antheridium contain 
but little or no chlorophyll; they separate from one another on the addition of 
water (like those of llepaticaj), to allow the escape of the antherozoids, which arc 
still enclosed in vesicles and number from 100 to 150. The hindermost and 
thickest of the two or three coils of the antherozoid, which is larger in this class 
than in all other Cryptogams, bears an appendage on the inner side which 

1 [Sadebeck, Ueb. die Antheridien-Kntwickelung der Schachtelhalme Sitzber. d. GcselUch. 
natiirfor. Freunde m Berlin, 1875.] 
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Hofmcister terms an undulating Float, Schacht a thin-walled vesicle of proto- 
plasm, and which contain granules of starch and sap (compare with Ferns and 
IsoGteae). 

The Archegonia are developed from single superficial cells of the anterior 
margin of the thick and fleshy lobes of the female prothallium. As the tissue 
of the prothallium beneath them continues its growth, the archegonia come, as 
in Pellia , to stand on its upper surface. The mother-cell of the archegonium, 
after it has become much curved, divides by a wall parallel to the surface of the 
prothallium. From the outer of the two daughter-cells is formed the neck, con- 
sisting, at a subsequent period, of four parallel rows each of three cells. Of these, 
the four upper cells become very long ; the four middle ones remain shorter ; the 
four lower ones scarcely elongate at all, and contribute by their multiplication, 
like the cells of the prothallium which surround the central cell, to the formation 
of the wall of the ventral part of the archegonium, which consists of one or two 
layers. The other daughter-cell, which is sunk in the tissue of the prothallium, 
elongates whilst the wall of the neck is being formed and projects between 
the four rows of cells constituting it. This projection is then cut off by a septum 
from the lower large portion of the cell. Of the two cells thus formed, the 
former is the single canal-cell of the neck, and the latter is the central cell of 
the archegonium. The central cell is divided again into two, the upper being 
the ventral canal-cell, the lower contracting and forming the oospherc. In these 
processes the archegonium of Equisetum resembles that of Ferns, the only dif- 
ference being that in the former the canal- cell does not occupy the whole length 
of the neck (Janczewski). The four upper long cells of the neck curve radially 
outwards, when the canal of the neck is being formed, like a four-armed anchor. 
Immediately after fertilisation the canal of the neck closes, the oosphere, and which 
has now become the oospore, enlarges, and the cells of the wall of the ventral 
part of the archegonium which surrounds it begin rapidly to multiply. 

Development of the Asexual Generation (Sporophore) of Equisetum . The 
formation of the embryo from the oospore is the result of divisions, the first of which 
is inclined to the axis of the archegonium, and is followed, according to Hof- 
meistcr, in each of the two cells by a division-wall placed perpendicularly to the 
first. The embryo appears to be composed of four cells arranged like the quarters 
of a sphere. The same author states that the foot arises from the lower quarter, 
the rudiment of the first shoot from one of the lateral ones, turning upwards 
immediately afterwards and producing as the rudiment of the first leaf a pro- 
jecting girdle, which then grows out into three teeth (Fig. 277 P). The apical 
cell of the first root arises from an inner cell of the tissue 1 . 


1 [On the Embiyology of Equisetum see Sadebeck, Jahrb. f. wiss. Bot. XI. 1878, and also in 
Schenk’s Handbuch, III. The embryology of Equisetum closely resembles that of Kerns (see infra* 
p. 426). The oospore divides by successive bipartitions into eight segments : of the four octants 
forming the upper (cpibasai) half of the embryo, one gives rise to the stem, two give rise to 
the first leaf (cotyledon), and one gives rise to the second leaf : of the four octants forming the 
lower (hypobasal) half of the embryo, two give rise to the foot, one disappears, and the remaining 
one, which is diametrically opposite to the slem-octant, gives tise to the root.] 
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The first leaf-bearing shoot grows upwards, and forms from ten to fifteen 
internodes with leaf-shealhs ending in three teeth. It soon produces at its 
base a new stronger shoot with four-toothed sheaths (as in E. arvense , prateim\ 
and variegatum, according to Ilofmeister), which in turn gives origin to new 

generations of shoots, developing con- 
stantly thicker sterns and sheaths with a 
larger number of teeth. Sometimes the 
third or one of the succeeding shoots 
penetrates downwards into the ground, 
forming the first perennial rhizome, which 
again produces from year to year new 
underground rhizomes and ascending leafy 
shoots. 

In order to facilitate the understanding 
of die Mode of (tnnvfft of the Stem and 
Leaves, it is necessary to glance in the first 
place at their structure in the mature state. 
Kvory axis of an Equisetum consists of a 
series of joints (internodes) usually hollow 
and closed at their base by a thin septum. 
Each internode passes upwards into a 
leaf-sheath embracing the next internode, 
the sheath being split at its upper margin 
into throe, four, or usually a larger number of teeth, from each tooth of the 
sheath a fibro-vaseular bundle runs vertically downwards into the internode as far as 
the next node, parallel with the other bundles of the same internode; at the lower 
end each bundle splits into two short diverging limbs, by which it unites with the 
two neighbouring bundles id the next lower internode, where they descend into 
it from their sheath-teeth. The joints of the stem and their leaf sheaths therefore 
alternate; and since in each joint the arrangement of bundles, leaf-teeth, projecting 
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longitudinal ridges, and depressions or furrows, is exactly repeated in the transverse 
section, the different parts of a joint always correspond to the intervals between 
the homologous parts of the next upper and next lower joint. If the internode 
has projecting longitudinal ridges mi its surface, one of these always runs down- 
wards from the apex of each leaf-tooth parallel with the others as far as the 
base of the internode; between each pair of leaf-teeth commences a furrow or 
channel, which also continues as far as the base of the internode. The projecting 
ridges lie on the same radii as the fibro-vaseular bundles, each of which contains 
an air-canal; the depressions or furrows lie on the same radii as the lacuna; of 
the cortical tissue (which are sometimes warning), and alternate with the fibro- 
vascular bundles. The branches and roots spring exclusively from within the 
base of the leaf-shcath; and as this forms a whorl, the branches and roots are 
also verticillale. A root may arise beneath the bud of each branch ; both break 
through the leaf-sheath at its base. All the joints of the axis agree in these respects, 
however they may be modified as underground lhizomcs, tubers, ascending stems, 
leafy branches, or sporangiferous axes. 
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The end of the stem, enveloped by a large number of younger leaf-sheaths, 
terminates in a large apical cell, the upper wall of which is arched in a spherical 
manner, while the three infero-lateral walls are almost plane. The apical cell 
has therefore the form of an inverted triangular pyramid, the upturned basal 
surface of which is a nearly equilateral spherical triangle. The segments are cut 
off by walls which are parallel to the oblique sides of the apical cell, that is, to 
the youngest primary walls of the segment; the segments, disposed in a spiral £ 
arrangement, lie in three vertical rows. Each segment has the form of a triangular 
plale with triangular upper and under walls, rectangular lateral walls lying right 
and left, and an outer rectangular wall which is curved. Each segment is first 
divided — as was shown by Cramer and Rcess and confirmed by myself — by a wall 
parallel to the upper and under surfaces into two equal plates lying one above 
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another, and consequently each half the height of the undivided segment. Each 
half-segment is then again halved, in the most usual case, by a vertical nearly radial 
wall. The segment now' consists of four cells, two of which lie one above the other 
and reach as far as the centre, but the other two do not because the vertical wall is 
not accurately radial but intersects one of the lateral walls of the segment (the 
anodal wall), (Fig. 279, K). Divisions now take place without any strict rule in 
the four cells of each segment parallel to the primary and the lateral walls; and 
tangential divisions also soon make their appearance, by w'hich the segment is 
split up into inner and outer cells, in which further divisions afterwards take place. 
The former produce the pith, which is soon destroyed as far as the septum at 
the base of each internode by the expansion of the stem ; the latter produce the 
leaves and the entire tissue of the hollow' internodes. The segments are, as has 
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been mentioned, disposed originally in a spiral with ^ arrangement ) and since 
each segment without exception (as in Mosses) produces a leaf or what corresponds 
to a part of a leaf-sheath, the leaves of Equisetum must also be arranged in a 
spiral. This docs, in fact, sometimes occur when the growth is abnormal ; but 
when the growtli is normal, a small displacement takes place at a very early 
period, of such a nature that the three segments which form a cycle always 
come to be arranged into a disc transverse to the stem, their outer surfaces thus 
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forming an annular zone or girdle. According to Recss, to whom this observation 
is due, the three segments of each cycle are formed in rapid succession, while 
a longer time elapses between the formation of the last segment of the preceding 
and that of the first of the succeeding cycle. Thus by the unequal growth of 
the segments in longitudinal direction each cycle of segments or turn of the 
spiral produces a whorl, which therefore, strictly speaking, is a pseudo-whorl, 
because resulting from subsequent displacement. Each whorl of segments now 
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forms a leafeheath, and the corresponding internode or joint of the stem. The 
above-mentioned divisions take place in the three segments during their arrange- 
ment into a transverse disc, each segment becoming converted into a mass of cells 
consisting of from four to six layers. As soon as the transverse zone is formed, 
the formation of the leaves commences by the growth of the outer cells of the 
segments. They form an annular ridge; one of the upper transverse cell-layers of 
the whorl of segments projects out- 
wardly, forms the apex (the circular 
apical line) of the ridge (Figs 279, 280, 
l>s\ and those of its cells which lie 
most externally (the apical cells) divide 
by walls inclined alternately towards 
and from the axis. The circular apical 
line becomes more and more elevated, 
and thus the annular ridge becomes a 
sheath enveloping the end of the stem. 

This same layer, of which the outer- 
most cells form the apical line of the 
annular ridge, produces in the interior 
of the sheath a mcristem in which the 
fi bro-vascular bundles of the leaf-sheaths 
arise. The lower transverse cell-layers 
of the whorl of segments grow only 
slightly outwards and upwards, become 
divided by vertical and afterwards rapidly 
by transverse walls, to produce the 
tissue of the internode, which passes 
giadually into that of the leaf. A ver- 
tical layer of this tissue forming a hollow 
cylinder (Fig. 280, v v) is distinguished 
by numerous vertical divisions; it forms 
a ring of merislem (procambium, thick- 
ening-ring in Sanio's sense), in which 

the Vertically descending fibro-vascular T‘k; 280.— Left half of a radial longitudinal section beneath the 

. n r 1 ♦ J r 1 a pex of an underground bud of hquisetum Telmateia in September ; 

bundles ol the internode are iormcd. /A' lower part Ilf the vegetative cone. b'b" b"' leaves, bs thetr apical 
r| , . cells, r> r' r r* ff the cortical tissue of the corresponding internodes; 

these bundles form the prolongations *» >» pith, v v v thickening ring, K layer of cciu from which ti»c 

fibro-vasculur bundles of the leaf-tooth arises. 

ol those of the leaf-teeth, which they 

meet, as shown in Fig. 281,^^', at an obtuse angle, and coalesce to form curved 
‘common’ bundles. The layers of cells which lie outside the ring of meristem 
that gives rise to the bundles produce the cortex of the internode, in which air- 
conducting canals soon arise. Even at an early period the first rudiments of the 
sheath -teeth appear as protuberances at regularly distributed points, each of them 
ending in one or two apical cells (Fig. 28 2) \ 

1 On the original number and subsequent increase of the sheath-teelh, &c„ compart* Hofmeister 
and Rccss, I. c . 
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The Branching of the Equisetacese depends exclusively on the ’formation of 
lateral buds. Each of these is formed from a superficial cell lying just above the 
youngest foliar girdle, and this takes place at points alternating with the sheath-teeth, 
long before the differentiation of the fibro vascular bundles. [Tt was thought 
that these buds were of endogenous origin 1 , but the researches of Janczewski and 
of Famintzin have shown that this is not the case 2 .] Hofmeister was the first to 
show that each bud proceeds from a single cell of the tissue ; and although J have 
myself never seen it in a unicellular condition, I have found rudimentary branches 
composed of only two or four cells ; and these showed that even the first three 
divisions of the mother-cell of the branch are inclined in three directions in such 
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a manner that a trilaterally pyramidal apical cell is produced ; and the first three 
divisions thus form the first three segments. Lateral buds of the rhizome of 
E. Tdmatcia and E. arvrn.se, late in the autumn or early in the spring, usually 
show in longitudinal section all the stages of development of the buds. After 
they have formed several foliar girdles and their apex is covered by a firm envelope 
of leaf-sheaths, they break through the base of the parent leaf-sheaths. They 
may also remain dormant for a long period, as is shown by the circumstance 
that buds break out when the underground nodes of ascending stems are exposed 

1 See also the account of the Jungermanniese, p. 359. 

* Recti, sur lc dev. des Ijouigcons dans les Preles; Mem. Soc. de Sci. Nat de Cher- 

hourg, XX. 1 876-77. Famintzin, Hull, de PA cad. Imp d. St. Petersburg, XXII. 18-6.] 
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to the light. It may be assumed that there is always as large a number of buds 
in a rudimentary condition as there are sheath-teeth. On the erect leafy stems 
of E. Telmateia , E. arvense , and other species, they all attain complete development, 
and produce the numerous slender green leafy shoots of these species; in other 
species the development of the branches is more sparing; some, as E. hiemale , 
usually form no aSrial lateral shoots at all except when the terminal bud of the 
stem is injured, and then the node next below produces a shoot. Branches do 
not usually make their appearance on rhizomes in the form of complete whorls, 
but in twos or threes, but on the other 
hand they are more vigorous; they be- 
come either new rhizomes or ascending 
stems. Since, in the cases first mentioned, 
ihe buds arise like the leaves in strict 
acropctal succession, *it may be assumed 
that where the production of shoots is only 
induced at a later period by accidental 
circumstances, the buds have up to that 
time remained dormant in the interior. 

The Roots arise in whorls, each im- 
mediately below a bud ; but they may also 
often be suppressed, and may be deve- 
loped, according to Duval-Jouve, even on 
aerial nodes, by humidity and darkness. 

Their development has been studied by 
Niigeli and Leitgeb (/. c .) ; in its earliest 
stages, which are represented diagram- 
matically in Fig. 284, it resembles essen- 
tially that of Ferns. The cortex is differ- 
entiated into an inner and an outer layer ; 
the former forms air-conducting intercel- 
lular spaces, at first arranged, like the cells 
themselves, in radial and concentric rows, 
and afterwards combining by the rupture 
of the cells 'into a large air-cavity sur- 
rounding the central fibro-vascular cylinder. 

As the fibro-vascular cylinder of the root 
developes (seen in transverse section), 
each of the three primary cells which 
alone of the six reach the centre is first of all divided by a tangential wall, so that 
the rudiment of the vascular bundle now consists of three inner and six outer cells. 
r ihe six outer cells produce a carnbial tissue in which the formation of vessels 
begins, commencing from two or three points of the circumference and advancing 
towards the interior. Last of all one of the three inner cells forms a broad central 
vessel ; and phloem is produced in the circumference of the vascular cylinder. In 
the other vascular Cryptogams the innermost layer of the cortical tissue forms 
the bundle- sheath ( Pkromscheide , Schutzscheide ), the radial walls of the cells 

i) d 



l'JO. 28$.— Longitudinal section through an underground 
liild «if l'i/uisetutn artvttM; as apical tell of the stem, /' — y b tin 1 
leaves; K K' two buds, the horizontal lines across the stem 
indicate the position of the diaphragms. 
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having the characteristic folding, but in the Equisetacea? it is the last layer but 
one of the cortical tissue which presents this appearance, whilst the innermost 
layer which directly abuts upon the axial cylinder seems to supply the place of 
the pericambium which does not exist in the roots of these plants. This innermost 
layer differs from the pericambium of the roots of other Vascular Cryptogams in 
that the lateral roots take origin from it, so that here also, as in all other Vascular 
Cryptogam.,, the lateral roots arise from the innermost layer of the cortical tissue. 
As a pericambium is wanting here, the commencing roots arise in immediate 
proximity to the external vessels of the axial cylinder. The cells, each one of 
which gives rise to a lateral root, are formed in strictly acropetal succession in 
the innermost cortical layer on the outer side of the primary xylem-vesscis 

The Sporangia of Equisetacea? are outgrowths of peculiarly metamorphosed 
leaves which arc generally formed in numerous whorls at the summit of ordinary 
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shoots or of those specially destined for this purpose. Above the last sterile leaf- 
shcath of the fertile axis an impel fectly developed leaf-sheath is first of all produced 
(Fig. 285, a ), a structure corresponding in some degree to the bracts of Phanerogams. 
The development of this structure is sometimes more, sometimes less leaf-like ; foliar 
girdles are formed above it in acropetal succession beneath the growing end of 
the shoot, projecting however but slightly, as in the ordinary formation of leaves 
of Etjuise/um . A large number of protuberances project from each of these girdles, 
corresponding to the teeth of the ordinary leaf-sheaths ; and thus several whorls of 
hemispherical projections arc formed lying closely one over another, which, in- 
creasing more rapidly in size at their outer part, press against one another, and 
thus become hexagonal, the successive whorls alternating ; while the basal (inner) 


[See Van Ticghem, La Racine, Paris 1871.] 
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portion of each protuberance remains slender, and forms the pedicel of the hex- 
agonal peltate scale. The outer surface of these scales is tangential to the axis 
of the spike ; on its inner side, facing the axis, arise the sporangia, five or ten in 
number on each scale. In the early stages of development each single sporangium 
has the appearance of a small blunt multicellular wart ; [an axial row of the cells 
grows more vigorously than the rest, and it is the terminal hypodermal cell of 
this row which constitutes the archesporium. 

The epidermal layer divides by walls parallel to 
the surface, so that four layers of cells invest the 
archesporium, of which the two outer form the 
wall of the sporangium, and the two inner the 
tapetum]. By repeated divisions the archesporial 
cell produces the spore-mother-cells which be- 
come isolated, while of the exterior cell-layers 
which at first envelope them only the outermost 
finally remains as the wall of the sporangium. 

The mother-cells of the spores, connected to- 
gether in groups of fours or eights, float freely 
in a fluid which fills the sporangium and is inter- 
spersed with granules. The processes that take 
place in the mother-cells up to the time of the 
formation of the spores have already been de- 
scribed in detail in Chap. I (see Fig. 10, p. 14)*. 

It was there shown how the division into four 
of the mother-cells is preceded by an indication 
of a division into two, in a manner analogous 
to the corresponding process in Ferns. The 
ripe sporangium opens by a longitudinal slit 
on the side which faces the pedicel of the peltate 
scale. The very thin-walled cells of the wall 
have previously formed spiral thickening ridges 
on the dorsal, annular ones on the ventral side 
of the sporangium, arising, according to Duval- 
Jouve, in the case of /f. limosum , with extra- 
ordinary rapidity immediately before the de- 
hiscence. The development of the spores of 
Equiseium , after they have made their appearance as naked primordial cells by 
the division into four of their mother-cells, shows the peculiarity of a successive 
formation of distinct coats. Each spore forms first of all an outer non-cuticularised 
coat capable of swelling, which, splitting subsequently into two spiral bands, forms 
the so-called e/a/ers , a second and third coat soon afterwards making their appear- 
ance within it. All three lie at first closely one upon another like successive layers 
of a single coat; but when the spore is placed in water, the outer one, even at 
this period, swells up strongly and becomes detached from the others (Fig. 286, 
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1 [On the development of the spores see Strasburgcr, Zellbildung und Zelllheilung, 3rd ed., p. 1 55,] 
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B). The three coats may be easily distinguished even in the quite fresh spore 
when placed in distilled water (. 4 ), (in the case of E. limosum ), the outer one 
(1) being colourless, the second (2) light blue, and the third (3) yellowish. As 
the development advances, the outer coat is separated like a loose investment from 
the body of the spore ( C , d \ e), and at the same time its division into elaters is 
first indicated. The optical longitudinal section shows that the spiral thickening- 
bands of ties coat are separated only by very narrow spaces of thin membrane (I) % 
E) ; these at length entirely disappear, and, when the surrounding air is dry, the 
thicker parts separate from one another as spiral bands, forming when unrolled 
a four-armed aoss; they are united by their centre, and attached there to the 

second coat. It is probably this spot which may be recognised even in the 

unripe spore in the form of an umbilical thickening (n in A and B). In the 

fully developed elaters an external very thin cuticulariscd layer may be distin- 
guished. t They are extremely hygroscopic ; when the air is dam]) they are rolled 
round the spore, but when dry are again unrolled. When this alternation takes 
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place rapidly (as when lightly breathed on under the microscope), the spores are set 
in active motion by the bendings of the elaters. If spores, the outer coat of which 
has not yet become split up into elaters, but which already show the corresponding 
differentiations ( I) , E), are allowed to lie for some time in glycerine, the spore 
contracts considerably, surrounded by its inner coat, while the second cuticu- 
larised coat raises itself from the former in folds. The inner coat is differentiated into 
a granular cuticulariscd exospore, and an endospore of cellulose. 

Very little need be said about the Classification of Equisctaceac, as all existing forms 
are so nearly related to one another that they may be included in a single genus, Equi- 
set uni. Even the Equisctaceae of earlier geological periods, the Catamites , show, in the 
little that is still discernible of their organisation, the closest agreement with existing 
forms. 

*1 he Habit of the Equisetaccae is, like their morphological structure, of a very 
characteristic kind. In all the plant is perennial by means of creeping underground 
rhizomes, from which ascending aerial shoots rise annually, mostly lasting only for one 
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period of vegetation, less often for several years. The sporangiferous spikes appear 
either at the summit of these axes, which are at the same time the organs of assimi- 
lation, or on special fertile shoots which, when destitute of chlorophyll and unbranched, 
die after the dissemination of the spores ( E . arvense • and Telmateia ), or throw off 
the terminal spike and act as vegetative shoots (/?. syhvaticum and pratense ). The 
fertile axes are developed from the underground internodes of the erect vegetative 
axes ; they remain during the summer, in which the latter are unfolded, in the bud- 
condition beneath the ground, but during this period either develope their sporangi- 
ferous spikes so far that in the next spring nothing is necessary except elongation and 
the dissemination of the spores (E. arvense, pratense , Telmateia, &c.), or the spikes attain 
their full development only in the spring after the elongation ’of the axes which bear 
them ( E . limosum). The habit of the aerial shoots is determined especially by the 
number and length of the verticillate usually very slender lateral branches; in some, 
as E. hiemalc , trachyodon , ramosissimum , and variegatum, they are generally entirely 
wanting ; in others, as E. palustre and limosum , they are few ; in others again, as E. ar- 
•k vense , T elmateia , and sylvaticum , they are developed in large numbers. The height 
of the leafy stem is in our native species mostly from i to 3 feet; in E. \ Ttlmateia , 
where the ascending axis of the sterile shoots is colourless and destitute of chloro- 
phyll, it attains a height of 4 or 5 feet and a thickness of about £ inch ; while the green 
slender leafy branches are even in this case scarcely £ line thick. The tallest stems 
are produced by E. gtganteum in South America, as much as 26 feet high, but only about 
the thickness of the thumb, and arc kept in an upright position by neighbouring plants. 
The (Zalamites were as lofty, and as much as 1 foot thick. The rhizomes mostly creep 
at a depth of from 2 to 4 feet beneath the ground, and extend over areas 10 to 50 feet 
in diameter; but are also found at a much greater depth. They prefer damp, gravelly, 
or loamy soil, their thickness varying from 1 to 2 lines to as much as $ inch or more. 
The surface of the internodes of the rhizome is, in some species, as is. "Telmateia and 
syhatirtim , covered with a felt of brown root-hairs, which also clothe the leaf-sheaths of 
the underground part of ascending stems, a peculiarity which reminds one of Ferns. 
In some species, as E. limosum and palustre , the surface is smooth and shining, while in 
others it is dull. The ridges ami furrows of the aerial stems are usually but little de- 
veloped on the underground stems ; sometimes the rhizomes are twisted. The central 
canal of the internodes is sometimes wanting in the rhizomes; but the lacuna: of the 
fibro-vasoular bundles (carina! canals) and those of the cortical parenchyma (vallecular 
canals) are always present; the air which the tissues require and which is not found 
in the usually very com]>aet soil is carried by these canals from the surface to the 
underground organs. As in the case of the spikes, the formation of the branches ot 
the leafy stems has already taken place entirely or at least to a great extent in the 
preceding year in the underground bud, so that in the spring the internodes of the 
ascending axis have only to extend and the slender lateral branches to unfold, as may be 
seen with especial ease in E. Telmateia . All the more important cell-formations and the 
processes of morphological differentiation thus take place underground; the aerial un- 
folding has for its main purpose only the dispersion of the spores and assimilation by the 
leafy shoots, by the exposure of the cortex, which contains chlorophyll, to light. The 
rapid growth of the upright stems in the spring is especially brought about by the simple 
elongation of the intcrnodal cells already formed, although permanent intercalary growth 
of the internodes sometimes also takes place, and especially at their base within the 
sheaths. The tissues often remain there for a long time in the young state, and in E . 
hit-male the shorter internodes grow out of their leaf-sheaths after passing through the 
winter, and they are then lighter in colour; the shorter they were before the winter, 
the more they elongate afterwards. 

Special Organs for Vegetative Propagation , like those of Mosses, are not found in the 
Equisetaceae any more than in Ferns; but every part of the rhizome, and the under- 
ground nodes of ascending stems, are adapted for the production of new stems. In 
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some species some of the underground shoots swell up into ovoid (E. arvettse) or pear- 
shaped (R. Telmateia) tubers about the size of a hazel-nut; Duval-Jouvc states that 
these occur also in E . palustre , sylvaticum , and littorale> but in other species ( E . pratense y 
limosum , ramosissimum , ariegatum, and hiemale) they have not yet been observed. The 
tubers are produced by the rapid increase in thickness of an internode at the end of 
which is situated the terminal bud ; this may repeatedly form tuberous internodes so that 
the tubers become moniliform, or they may develope simply as a rhizome, or sometimes 
a central internode of a rhizome is developed in a tuberous manner. The parenchyma 
of these tubers is filled with starch and other food-materials; they may apparently long 
remain dormant and form new stems under favourable circumstances. 

Among the Forms' of Tissue of the Equisetaceac 1 the epidermal system and the funda- 
mental tissue arc in particular developed in a great variety of ways. The fibro-vascular 
bundles, which in Ferns are so thick and so highly organised, especially in their xylcm- 
portion, appear to be less developed in the Equisetaceac ; they are slender, the bonification 
of the xylem-portion very slight (as in many water and marsh plants) ; the firmness of 
their structure is chiefly due to the epidermal system with its highly developed epidermis, 
and to^the hypodermal fibres. What follows has special reference to the internodes; 
the leaf-sheaths arc usually similarly constituted in their lower and central parts; at the 
teeth the tissue is simpler and somewhat different. 

The Epidermal Cells are mostly elongated in the direction of the axis, and arc 
arranged in longitudinal rows separated by transverse or slightly oblique walls; the 
boundary-walls of the adjoining cells are often undulating. The epidermis of the 
underground internodcs is almost always destitute of stomata, and consists of cells with 
either thick or thin walls, usually brown, which, in some species, as E. Telmateia and 
arvense , develope into delicate root-hairs. The epidermis of the deciduous sporangi- 
ferous stems of the species just named is similar to that of the rhizome and without 
stomata; and the same is the case with the upright colourless sterile stem of E. Tel- 
mateia. On all the aerial internodcs which contain chlorophyll, on the leal-sheaths and 
on the outer surface of the peltate scales, the epidermis possesses numerous stomata 
which always lie in the channels, never on the ridges, and arc arranged in longitudinal 
rows either single or lying close to one another. On the ridges the epidermal cells are 
long, in the channels between the stomata shorter. All the cells, even those of the 
stomata, have their outer walls strongly silicilied, and exhibit very often on their outer 
surface protuberances of various forms, which are also and indeed peculiarly strongly 
silicilied. These protuberances resemble fine granules, bosses, rosettes, rings, transverse 
bands, teeth, and spines ; on the guard-cells they usually occur in the form of ridges, 
running at right angles to the orifice. The guard-cells are generally partially covered 
by the neighbouring epidermal cells. The mature stoma appears to be formed of two 
pairs of guard-cells lying one over another; Strasburger asserts that these four cells 
arise from one epidermal cell, and lie at first side by side at the same level. Only 
at a later period the two inner ones (the true guard-cells) become pressed inwards and 
overreached by the two outer ones which grow more rapidly. Bundles or layers of firm 
thick -walled cells (Hypodermal Tissue) are of common occurrence beneath the epi- 
dermis of rhizomes, of upright stems, and of their leafy shoots (with the exception 
ot the deciduous sporangiferous stems). In the rhizomes they form a continuous 
stratum of brown-walled sclercnchyma consisting of several layers; in the aerial inter- 
nodes they arc colourless and are developed with especial prominence in the projecting 
ridges. 

The Fundamental Tissue of the internodcs consists in the main of a colourless thin- 
walled parenchyma occurring only in the rhizomes, the deciduous sporangiferous stems, 
and the colourless sterile axes of E. Telmateia . The green colouring of the other shoots 

1 [For further details on this subject, see I)e Bar)', Vcrglcichcndc Anatomic dcr Vegetations- 
organe dcr Bhancrogamen und Fame, 1877.] 
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is caused by layers consisting of from i to 3 strata of parenchyma containing chlorophyll 
(the cells lying transversely). This green tissue lies especially beneath the furrows, cor- 
responding to the stomata, and appears in a transverse section as ribbon-shaped masses 
concave outwardly ; in the slender leafy branches, where the ridges sometimes cause 
the transverse section to have a stellate outline {eg. E. arvense ), the tissue containing 
chlorophyll is in excess. The vallecular canals, which correspond to the furrows, arise 
in the fundamental tissue by separation and partially by rupture of the cells; they may 
be absent from the slender leafy branches. 

The Fibro-i'ascular Bundles are arranged, in a transverse section of the internode, 
as in Dicotyledons, in a circle, each corresponding to a ridge of the surface, between 
the cortical canals but somewhat nearer the centre. In the axis of the sporangiferous 
stems, where the diaphragms are wanting, they run in the same manner, and bend out 
singly into the pedicels of the peltate scales (as into the sheath -teeth). The bundles of 
a shoot are all parallel to one another; each bundle is the result of the coalescence 
of two portions; one of these belongs to the leaf-sheath and developes in the median 
line of one of its teeth from below' upwards ; the other portion developes in the internodc 
itself from above downwards. At the angle where the two portions meet, the forma- 
tion of tissue begins in both, and thence advances in opposite directions; the lower 
end of each bundle unites by two lateral commissures with the two next alternate 
bundles of the next lower internode (Fig. 278); the Equisetaceac have therefore only 
‘common* bundles. In transverse sections these bundles resemble those of Mono- 
cotyledons, especially of (trasses; the first-formed annular, spiral, or reticulated vessels 
belonging to the inner side, together with the thin-walled cells which separate them, 
are subsequently destroyed, and a canal (carinal) remains in their place traversing the 
whole length of the fibro- vascular bundle on its inner side. Right and left of this 
lie on the outside a few not very broad vessels thickened reticulately ; external to 
the canal lies the phloem-part of the bundle, formed of a few wide sieve-tubes 
and narrow cambiform cells, and at the circumference of a few thick-walled narrow 
bast-like cells, A bundle-sheath, as it is termed, sometimes surrounds each bundle 
(E. limusum ), but generally runs continuously outside the circle of all the bundles, as in 
most Phanerogams. 

[Pmfessor W ('. Williamson is led by n study of the internal oiganisation of Catamites and 
Cnlamadendra 1 to the conclusion that in England at least we have but one group of these fossil 
plants. When young their vascular zone, separating a medullary fiom a cortical parenchyma, 
was scarcely more than a thin ling of longitudinal canals, each of which had a few \esscls at its 
outer bolder. In this state the structure of the plant presented a close resemblance to that of a 
recent Equisetum. Put as the plant grew in size, new vessels were added to the exterior of the pre- 
existing bundles, so that each of the latter became the starting point of a woody wedge which con- 
tinued to glow peripherally until it assumed large dimensions. In some specimens these wedges 
measure fully two inches between the canal marking their medullary angle and their peripheral or 
cortical base. Each wedge is composed of vertical radiating laminie of barred or reticulated vessels 
separated by cellular rays. The medullary portion became fistular, as in the recent Equiselacete, 
at an early age, and when the fistular cavities became filled with sand or mud, the very thin layer 
of medullary cells which remained did not prevent the sand from moulding itself against the inner 
angles of the vertical woody wedges, which thus produced the longitudinal grooves so characteristic 
of the casts commonly seen in collections. In such specimens most of the vegetable elements dis- 
appeared during (ossilisation, and what remained, in the shape of a thin film of coal, moulded itself 
upon the medullary cast, and gave to the specimens the appeal an ee of having had con esponding 


1 [On Fossil Equisetaoea), see Williamson, Mem. Lit. Phil. Soc. Manch. 3rd ser. vol. IV. 
PP* 155-183; Ditto, Trans. Roy. Soc. vol.CLXI. pp. 477-510: also vol. CLX 1 X. Part 2, 1878. — 
Loemans, Journ. Hot. 1869, pp. 337-340. — Dawson. Ann. Nat. Hist. 4th ser. vol. IV. pp. 272-273. — - 
(oand’Eury, Ann. Nat. Hist. 4th ser. vol. IV. pp. 124 128 ; Conipt. Rend. vol. LXV 11 I. — M‘Nab, 
Jmiiii. of Hot. 1873, pp. 72 -80.J 
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grooves upon their outer bark surfaces. No single example of a specimen of which the internal 
organisation is preserved- -and we now possess these in great numbers — sustains this latter con- 
clusion. Wherever the true bark is preserved it exhibits an outline indicating a smooth surface) 
longitudinal inlernodal flutings and transverse nodal constrictions being alike absent. 

In its young state the bark consisted of undifferentiated cellular tissue, and we now have 
evidence that a hypodcrmaJ layer of ptosenchyma was developed in it which ultimately attained to 
an entu mous thickness. 

The w oody wedges extended vertically through each internode without interruption, hut at the 
node each wedge split into two halves, each half coalescing with the contiguous half of the wedge 
nearest to it to form one of the wedges of the next inteniodc. At each node in young stems 
numerous small cellulo-vascular bundles passed outwards through the vascular /one to supply some 
peiipheial organs; probably veiticillate leaves and branches. But most of the latter became 
abortive; the hi an dies of the larger stems being lew, and unsymmctrically disposed. Stems and 
branches were thickened simultaneously as in ordinary exogenous trees. Besides these divei- 
tieuln, in most of the Calamiies, immediately below each node, there passed outwards, through 
the cells of the large primary mcdullaiy rays, so conspicuous in all young shoots, and near the 
medulla! y suiface of matured vascular axes, an exceedingly regular verticil of primary canals, with 
ciicular ci oblong sections, from the central fislulur cavity through the woody /one to the bark. 
One of these canals occupied the uppermost end of each of the laige cellular rays which separated 
the vascular wedges of each internode. In the common fossilised casts these canals are indicated 
by a very regular veiticil of small round or oblong impressions, which some wi iters have eiro- 
ncously associated with roots, and othcis with vasculai bundles going to leaves or branches. But 
the> ne\cr contained any vascular tissues whntc\cr. Of the leaves of Ca/amties we have but 
lil tie knowledge, although some have identified them with those of As/eropkylliies and Spheno- 
pkyllum . 

Professor Williamson has only obtained one example of a fruit which he can w'ith confidence 
identify with Catamite* (On a new form of Cnlamitcan Strobilus, Williamson, in Mem. Lit. Phil. Soc. 
Maneh. 3rd ser. IV. p. 248). It is a strobilus the structure of the axis of which corresponds most 
closely with that of a young Calamitean shoot. At each node it has a cuiiously perforated 
transverse disk fringed with numerous peripheral bracts. From the upj>er surface oi each disk 
there piojccts vertically upwards a ring of slcmlei sporangiophorcs. around each of w'hich were 
clustered three or four sporangia full of spores. These sporangia arc so compactly compressed 
that a transverse section of tins iiuit presents the appearance of a compact mass of spores, amongst 
which the outline-, of the sporangia arc traceable w ith difficulty. Whilst be lias failed to find any 
true stem in which the outer surface of the bark was fluted, that of the internodes of this fruit was 
undoubtedly so. The flutings of the fruit-bark do not, like those seen in the caibonaceous film 
coming the common casts, correspond in mirnbei and position with those caused by the woody 
wedges, since tw r o vascular bundles are located in each projecting ridge of the axis of the former 
structure, instead of one as in the latter. 

Mr. Carruthers believe* the fruits figured by Mr. Binncy, Professor Schimper, and himself, 
under the several names of Calamodetubon commune , Calamnstachys Rinn yana, and Volkmannia 
lhnneyi (Join 11. of Bot. 1867, pp. 349 356), to belong to Calamiies ; and he fuither regards the 
spores as having been furnished with clatcrs similar to those of EquUetum. Piofcssor Williamson is 
unable to agree with either of these conclusions. The numerous specimens which his cabinet now 
contains make it absolutely certain that the supposed clatcrs are merely fragments of the torn 
mother-cells of the spores, and it is his impression that these f 1 uits, now known to be heterosporous, 
have closer affinities with the Lycopodiaccsc than with the Kquiselaeciv ; they certainly are not the 
strobili of Calamites.\ 
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The plants included in the group of the Filicineae are distinguished from the 
Equisetacese and from the Dichotomeae by the various and complete development 
which their leaves attain. In proportion to the stem, the leaves are always of con- 
siderable size, and in their anatomical structure, as well as in their external form, 
they manifest a higher differentiation than do those of the two groups above 
mentioned. In these two groups the whole external form of the plant depends up6n 
the formation and branching of the stem, and the most important physiological 
functions are performed by this organ; in the Filicineae the stem is essentially an 
organ for bearing leaves and roots ; its growth is slow, frequently its development is 
so imperfect that no internodes are formed, whereas the leaves are endowed with an 
active apical growth which continues for a considerable time and in some cases is 
unlimited. Further, the stem, in the Filicineae, has but little tendency to branch ; in 
whole families it remains simple, and not unfrequently the formation of buds is 
provided for by the leaves in which a strong tendency to branch is manifested, and 
which present, in consequence, the most varied forms of pinnate and palmate 
segmentation and of dichotomous branching. In the Equisctaceae and Dichotomeoe 
it generally happens that the stem takes part in the formation of the fructification ; 
in the Equisctaceae it is always and in the Dichotomex it is usually an apical 
spike which is terminal upon the branch bearing it. In the Filicineae this is never 
the case ; the function of reproduction is discharged solely by the leaves, the stem 
taking no part whatever in it. The leaves bear very numerous sporangia (the 
number varying with the size of the leaf), whereas the peltate scales of the Equise- 
tacex hear but a few, and the fertile leaves of the Dichotomcae only one. The mode 
of development of the sporangia upon the leaves of the Filicineae is not uniform ; 
in the Stipulalae each sporangium arises from a group of epidermal cells, in the 
Eilices and Rhizocarpeae from a single epidermal cell \ 

It appears, moreover, that the Rhizocarpeae, which were formerly separated 
from the Ferns on account of the mode in which their fructification is developed, 
present (more especially the Salviniaceae) a sufficient number of resemblances to the 
true Ferns to justify us in regarding them as a branch of the ancestral tree from 
which the Ilymcnophyllaceae and Polypodiaceae have sprung. 

It is not easy to give a brief account of the relationships existing between the 
groups contained within this class, for a whole series of Ferns, the Osmundaceae, 
Schizxaceae, and Gleicheniaccx have been as yet but imperfectly investigated from a 
morphological stand-point. Our present knowledge (1874) of these plants is very 
superficial, it suffices merely for the diagnoses of systematists. For those who 
can obtain the necessary material and who possess the requisite morphological 

1 [Sri: Gorin:!, loc. c/7.] 
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education a field for work is here open. We must content ourselves now with briefly 
stating all that is actually known, and with merely mentioning the less known forms 
when occasion demands. 


Order I. Stipulate. 

Under this name, which is based upon the peculiar formation of stipules common 
to the members of the two groups, ] include the Ophioglosseae and the Marat- 
tiaceae, for the relationship existing between them is manifested in several important 
particulars. In both groups the prothallia are moncecious and capable of inde- 
pendent growth ; but there is a tendency to dioccism in the Marattiaceae. That the 
prothallia of the Ophioglosscce are subterranean, whereas those of the Marattiaceae 
arc not so, is a difference of physiological and not of morphological importance. The 
stem of the second generation in both families is characterised by its very slight 
growth in length, the usual absence of internodes and of any brandling, the whole of 
its surface being occupied by the insertions of the leaves, and by the development of 
roots acropetally immediately behind its apex. 1'he absence or rudimentary deve- 
lopment of bundle-sheaths and of brown schlercnchyma in the ground-tissue of the 
stem and of the leaves distinguishes these plants from the true Ferns. The Ophio- 
glosseie diverge most widely from the Ferns in that their sporangia arc imbedded in 
the tissue of the leaf. The Marattiaceae present an intermediate condition in that 
their sporangia are quite external to the leaf and are attached by a narrow base. 

Although it is not improbable, it is still an open question whether or not the 
Osmundaceae are nearly related to these two families. Their petioles bear at their 
bases lateral membranous wing-like appendages which may fairly be termed stipules, 
but which are certainly very different from those of the Maraltiacese and Ophio- 
glosseoe. Further, the stem of the Osmundaecce, which is thickly covered with roots, 
is not erect like that of the other two groups, and it is uncertain whether the 
numerous lateral branches arise from it or from the petioles of the leaves. The 
fructification seems to indicate a relationship, for it recalls the paniculate fructifi- 
cation of the Botrychioe, but the fertile segments of the leaves have no mesophyll. 
In this respect the Schizaeaceae resemble the Osmundaceae, but in other features, 
more especially in the want of stipules, they differ from the Stipulate. 

Although the connection of the Ophioglosscae with the Marattiaceae is tolerably 
evident, it may be advisable to give a separate account of each family. 

Family I. Ophioglosseseb The Sexual G her alien (Oophore). The pro- 
thallium is at present known only in Ophioglossum peduneulomm and Bo/rychium 
Lunar ia. In both cases it is developed underground. It is destitute of chloro- 
phyll, and forms a parenchymatous mass of tissue which, according to Mettenius, 
has at first, in the species first-named, the form of a small round tuber, out 
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of which is subsequently developed a cylindrical vermiform shoot, which grows 
erect underground, is rarely and slightly branched, and elongates by means of 
a single apical cell. When the apex appears above ground and becomes green, 
it forms lobes and ceases to grow. The tissue of this prothallium is differen- 
tiated into an axial bundle of elongated, and a cortex of shorter parenchymatous 
cells, and the surface is clothed with root-hairs. With a transverse diameter 
of \ to ij lines, it attains a length of from 2 lines to 2 inches. The pro- 
thallium of Botrychium Lunaria is. according to Hofmeister, an ovoid mass of 
firm cellular tissue, the greatest diameter of which does not exceed £ line, and 
is often much less (Fig. 287, A). It is light brown externally, yellowish white 
internally, and provided on all sides with sparse moderately long root-hairs. 
These prothallia are monoecious ; each one produces a number of antheridia and 
archegonia, which are distributed with tolerable uniformity over the whole of its 
upper suiface, with the exception, in O. pcdunculosunu of the small primary tuber; 
in Botrychium it is the upper side which chiefly bears antheridia. 

The Antheridia are cavities in the tissue of the prothallium covered externally 
by a few layers of cells, and in Ophioglossum only slightly projecting beyond the 



t- J(„ vR- , It tutu / uuat ; A lonjjiliif1m.il section mT |>mtlin1huni ( •• 

ilium, n root li.urs; Jt longitudinal bectio 
f> f ,f />'' leaves (after llolmeistcr). 

surface. In this genus the mother-cells of the anthcrozoids originate by repeated 
divisions from one or two cells of the inner tissue (covered externally by one or 
two layers of cells) ; they form a mass of tissue of roundish form, and, as in 
Botrychium , give rise to the anthcrozoids, which arc similar in form to those of the 
Folypodiaceoe, but larger ; they escape through a narrow opening in the cover of the 
antheridium. 

The Archegonia are apparently developed in a similar manner to those of other 
Vascular Cryptogams. Mettenius saw in Ophioglossum instances in which they 
consisted of two cells, a superficial cell and one lying below it ; this latter, he 
considered, became the central cell, the former producing the neck of the arche- 
gonium by dividing into four cells arranged crosswise, which then produce, by 
further divisions, four vertical rows each consisting of two or more cells, and thus 
form the neck. The wall of the ventral part which surrounds the central cell 
is formed by divisions of the cells of the prothallium which surround it; the 
ventral part is therefore completely imbedded, and only the neck, which is usually 
very short, projects above the surface, Mettenius asserts that in Ophioglossum a 
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prolongation of the oosphere (probably a canal-cell, as in Ferns and Rhizocarps), 
penetrates into the lower part of the neck. 

The Asexual Generation (Sporophore). The first divisions of the oospore are not 
known ; but the mode of formation of the embryo differs, as may be concluded from 
more advanced stages, from that of Ferns. Mettenius states that in Ophioglossum 
pedunetdosum the end of the embryo which faces the apex of the prothallium 
developes into the first leaf, while the opposite end produces the first root. Unlike 
what occurs in Ferns, the concave upper side of the first leaf faces the neck of 



I'U.. ir8b —A O/>An\'/ 0 \ r«w -imitation ; H Hottythium I. unarm (both natural sire) ; it' roots, st stem, 6s leaf-stalk, 

.v point where the leaf branches, the sterile lamina l> separating from the fertile: braiuhy*- 

the archegonium ; the rudiment of the stem (which Mettenius terms the * primary . 
rudiment of the embryo’) lies nevertheless on the side of the embryo which faces the 
base of the archegonium. Hofmeistcr, on the other hand, makes the following state- 
ment with regard to Boirychium : — 1 The position of the embryo with respect to the 
prothallium differs widely from that which occurs in the Polypodiacese and Rhizo- 
carpese ,* Botrychiujn approaches in this respect those Vascular Cryptogams the 
prothallium of which, like that of Ophioglossaceae, is destitute of chlorophyll ( Isoetes , 
Selaginella). The puiictum vegetationis of the embryo lies near the apical point of 
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the central cell of the archegonium ; the first roots arise beneath it, near the base of 
the archegonium* (/. c. p. 308). 

The processes of growth of the mature plant have not yet been ascertained with 
as much certainty as in other Vascular Cryptogams. In Ophioglossum vulgalum and 
Bolrychium Lunaria the erect stem, buried deep in the earth and growing very 
slowly in length, branches but rarely. Even the comparatively thick roots rarely 
branch, and it is not known whether the branching is then monopodial or dicho- 
tomous. [According to Holle, the roots have a 
trilateraily pyramidal apical cell. They do not 
branch in Ophioglossum , and in Bolrychium their 
branches are probably produced laterally and not 
by dichotomy.] The flattened apex of the stem, 
surrounded by the insertions of the leaves, is buried 
deeply in the leaf-sheaths, and shows, in Ophioglos- 
sum vulgatum , according to Hofmeister, a three- 
sided pyramidal apical cell as seen from above. 

The leaves have a sheathing base, and each is 
completely enclosed in the next older one, as shown 
in Fig. 289 in the case of Bolrychium Lunaria . In 
Ophioglossum the relative positions of the parts at 
the end of the stem arc still more complicated, from 
the fact that the rudimentary leaves, while com- 
pletely enclosed one within another, produce stipular 
structures which grow together so completely that 
each leaf appears as if enclosed in a kind of 
chamber formed by the cohesion of the stipular 
parts of leaves of different ages, recalling a similar 
arrangement in Marattia, These cohesions how- 
ever leave an opening at the apex of each chamber ; 
the apex of the stem is therefore exposed to the 
air through a narrow canal (Hofmeister). 

As soon as the plant has attained a certain 
age, each leaf bears a fructification, which forms a 
branch springing from the axial side of the leaf. 

In the genus Ophioglossum both the outer sterile 
and the fertile branch of the leaf are unbranched 
or only lobed ; in the Brasilian 0 . palmatum the 
lamina is dichotomously lobed, and its margin bears 
on each side, as it joins the petiole, numerous fertile 
lobes or spikes of sporangia. In the genus Bolry- 
chium both are branched and in parallel planes 

(big. 288, A and B). The earlier hypothesis of a cohesion of the two leaf-stalks of 
a fertile and of a sterile leaf is at once negatived by the history of development 
(big. 289); the history of development rather indicates, as Hofmeister first showed, 
that the fructification originates on the inner side of the leaf. In the mature state 
the fertile leaf branch either separates from the sterile (green) one at the base or at 
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the middle of the lamina ( 0 . pendulum), or the two branches of the leaf appear as if 
separated deep down to their origin (O. Bergiamm ), or, finally, the fertile branch 
springs from the middle of the leaf-stalk ( Botrychium ruiafolium and dissecium ). 

The Sporangia of the Ophioglossaceoe are so essentially different from those of 
Ferns and Rhizocarps that these plants cannot, for this reason, be arranged in 
either of these classes. They arise from several epidermal cells. The wall of the 
sporangium consists of several layers of cells, its outer limit being formed by the 
epidermis of the leaf itself. The mother-cells of the spores in Botrychium Lunaria 
and probably also in Ophioglossum are derived, according 
to Goebel (Joe. cii .), from a single central cell (archesporium) 
which is invested by peculiar cells (forming the tapetum) 
developed by the division of the surrounding cells of the 
sporangium. A longitudinal section through the unripe 
so called spike of O. vutgatim (Fig. 290) shows that the 
outer layer of the wall of the sporangium is a continuous 
prolongation of the epidermis provided with stomata and 
covering the whole of the fertile branch of the leaf. At 
the places where the lateral transverse line of dehiscence 
subsequently appears in each sporangium, these epidermal 
cells are elongated radially, and the whole layer exhibits 
an indentation at first scarcely perceptible. The spherical 
cavities which contain the masses of spores arc imbedded 
in the tissue of the organ, and are therefore entirely sur- 
rounded by its parenchyma, there being several layers of 
it on the outer side where the transverse fissure subsequently 
arises. The middle part of the rnesophyll is penetrated by 
fibro-vascular bundles which anastomose with one another 
into long meshes, and send out a bundle transversely between 
each pair of sporangial cavities. The course of development 
is the same in Bolrychitwi , if the separate sporangiferous 
branches of the panicle are compared with the spike of 
Ophioglossum. The sporangia are similarly placed on them 
in two rows and alternate ; only they project further because 
the tissue between each pair of sporangia is but slightly 
developed. Four spores are formed from each mother-cell. 
The mother-cell, after an indication of a division into two, 
divides into four segments, each surrounded by a delicate 
cell-wall. The protoplasm of each of these special mother- 
cells becomes invested by a new wall, the true wall of the spore, and the primary 
walls become absorbed, so that the spores become free. In specimens of both 
genera preserved in spirit, the young spores, still connected together in fours, are 
found imbedded in a colourless, granular, coagulated mass of jelly, which in the 
living plant clearly corresponds to the fluid in which the spores of other Vascular 
Cryptogams float before they are ripe. The spores are tetrahedral ; in Bolry- 
chium they are provided, even in a very early state, with knob-like projections on 
the euticularised exospore. 



I 1 \< . ago — CentfitiKiinnl section 
through the upper part of spike 
of lipitwgloiium vhlpaintH . •> 
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cavities, 1 the pari where they 
burst tr.iiisversclj ; the fil.r >• 
vascular bundles ( * about 10). 
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Among the Forms of Tissue of the Ophioglossaceae, the prevailing one is parenchy- 
matous fundamental tissue ; there is no sclerenehyma. It consists, especially in the leaf- 
stalk, of long, almost cylindrical, thin- walled succulent cells with straight septa and large 
intercellular spaces; in the lamina the latter are, in O. vulgatum , very large, and the tissue 
spongy. In O. vulgatum and B . Lunaria y the epidermal tissue nowhere possesses special 
hypodermal layers; a well developed epidermis with numerous stomata on the upper and 
under side of the leaves immediately covers the outer layers of the fundamental tissue : 
at the periphery of the stem layers of cork are formed. The fibro-vascular bundles of O. 
vulgatum form, according to Hofmeister, a hollow cylindrical network in the stem, on 
which the leaves are arranged spirally, with a # phyllotaxis ; each of the meshes of this 
network corresponds to a leaf, and gives off to it the foliar bundles from its superior angle : 
the lower end of each foliar bundle terminates in a root. The leaf-stalk is penetrated by 
from 5 to 8 slender fibro-vascular bundles, which, in transverse section, are arranged in a 
circle, and between which the fundamental tissue forms wide lacunas. Each of these 
bundles has on its axial side a strong fascicle of narrow reticulately thickened vessels, a 
broad fascicle of soft bast (phloem) lying on their peripheral side. In the sterile lamina 
the slender bundles branch copiously and anastomose into a network ; they run into the 
mcsophyll which contains chlorophyll, without forming projecting veins. The slender 
stem of B . Lunaria has the same structure as that of Ophioglossum ; its vascular bundles 
appear to be only the lower ends of the foliar bundles (Fig. 289), which are arranged in a 
circle in the stem and form a hollow fibro-vascular cylinder consisting of numerous 
xylem-bundles surrounded by a common investment of phloem. In each leaf-stalk, 
which has a conical cavity below obliterated above, arise two broad ligulate bundles, 
which split above, below where the leaf divides into the fertile and sterile lamina!, into 
four narrower bundles. Each of these latter consists of a broad axial fascicle of tra- 
cheides thickened in a scalarilorm or reticulated manner, which is enveloped by a'thick 
layer of phloem. This layer shows an inner stratum of narrow cambiform cells, while 
the outside is formed of soft thick-walled bast-like prosenchyma (as in Pteris and other 
Ferns). In the lobes of the sterile lamina the bundles repeatedly split dichotomously, and 
run through the mesophyll without forming projecting veins. 

The ground-tissue either forms no sheath round the fibro-vascular bundles of the 
leaves ( Ophioglossum ) or it forms a sheath consisting of collcnchyma ( Botrychium) ; the 
usual bundle-sheath of cells with sinuous walls appears to be wanting. According to 
Russow, the fibro-vascular cylinder formed in the stem of Botrychium by the lower 
portions of the foliar bundles is surrounded by a sheath of this kind (Plerome-sheath). 
He also believes that the fibro-vascular bundles in the stem of Botrychium undergo a 
slight subsequent growth in thickness. In the petiole of Ophioglossum f find, as Russow 
describes, that the thin fibro-vascular bundles have collateral phloem and xylem and that 
the central xylem of Botrychium is surrounded on all sides by phloem. 

[According to Russow, a formation of cork takes place at the surface of the rhizome 
of Ophioglossea! ; in this, so far as is known at present, they arc unique among Vascular 
Cryptogams.] 

Habit and Mode of Life . The number of leaves which appear each year is small, and 
constant in the species; thus O. vulgatum and B. Lunaria unfold only a single leaf 
annually, B. rutafolium two, a sterile and a fertile one ; O. pcdunculosum from 2 to 4 
(Mettenius). The extremely slow development of the leaves is remarkable; in B. 
Lunaria each leaf requires four years, of which the three first are passed underground ; 
in the second year the two branches (the sterile and fertile laminae) are formed, and 
further developed in the third ; in the fourth year they for the first time rise above 
ground (Fig. 289), the process reminding one of the slow formation of the leaves of 
Pteris aquilina ; the same occurs in O. vulgatum . In both genera the formation of the 
sporangia begins a full year before they ripen. 

Vegetative Reproduction takes place in Ophioglossum by means of adventitious buds from 
the roots. O. pcdunculosum is so far monocarpous that, after the production of fertile 



41 6 VASCULAR CRYPTOGAMS. 

leaves, it as a rule dies down, but maintains a perennial existence by means of the root- 
buds (Hofmeister). Most species are only, reckoning from the base of the stem to the 
apex of the leaf, 5 or 6 inches high ; a few attain the height of a foot ; B . lannginosum of 
the East Indies is stated by Milde to be 3 feet high; the leaf is three or four times 
pinnate, and the stem contains from 10 to 17 fibro-vascular bundles. 

Family 2. Marattiaceee 1 . 1. r Fhe Sexual Generation (Oophore). [The spores, 
which are of two forms, reniform and nearly spherical, germinate much in the same 
way as those of the Polypodiacese. In Angiopteris the first root-hair is developed 
at an early period, but in Alar alt ia it does not make its appearance until some 
time after the commencement of germination, when the prothallium is already 
multicellular. The prothallium, like that of the true Ferns, is somewhat cordate 
and forms a flattened expansion upon the surface of the soil, but it is more fleshy 
and it is dark green in colour. Sometimes it grows by means of an apical cell, 
but thfe is not always formed. The antheridia are developed on either the under 
or the upper surface of the prothallium, from single superficial cells. The arche- 
gonia are developed in the same manner as those of the Polvpodiace®, and more 
especially on the lower surface. The antheridia are not developed until some 
months after germination begins, and the archegonia still later. J 

2. The Asexual Generation (Sporophore) when mature resembles a Fern in 
habit. The mode of its development is still unknown. It consists of a usually 
erect, short, thick, tubercular stem which bears large, closely- packed, spirally ar- 
ranged leaves, with long petioles, the lamina being usually pinnatifid, but sometimes 
palmatifid. The resemblance to the true Ferns is rendered more striking by 
the circinate vernation of the leaves, and by their gradual unrolling from below 
upwards. 

The Stem of Marattia , Angiopkris , anti Dame a recalls on the whole the mode 
of growth of the stem of the Ophioglosseae. It grows erect, but does not attain 
any considerable height. It is a tubercular mass, partially imbedded in the earth, 
and it is so completely covered with leaves that no portion of its surface is freely 
exposed. In some species it is small, but in the large Marattiece and in Angiop - 
ten's evccla it may be from one to two feet high and broad in proportion. The 
stem of Kaulfussia assamicu is a subterranean, creeping, bilateral rhizome, according 
to dc Vriese, which bears leaves upon its upper and roots upon its under surface. 
It appears that the stem , of the Marattiaccje (except, according to Holle, in the 
case of Darnca trifoliaia ) never branches. The lower older portion of the stem 
is covered by the basal parts of the older petioles, bearing the stipules, from which 
the upper parts of the petioles, which at this point are provided with a large articular 
swelling, have become detached, leaving a smooth cicatrix encircled by the stipule 
(Fig. 291, n). At the upper part of the stem, the still living leaves form a large 
rosette, in the centre of which lies a bud consisting of numerous young leaves of 

1 fte Vriese et Harting, Monog. des Maratt. Lcidc et Diteseldorf. 1853. — Liirssen, Mltthcilg. 
aus clem Gesammtgcbiet der Hot , Bd. I. Heft. 3. 1872; id. Bot. Zcit. 187a, p. 768, and 1873, p. 
625. — Russow, Vcrgl. Unters. 1872, p. 105. Some information derived from drawings and letters 
communicated by Prof Tschistiakoff lias been embodied in the text. [Holle, Die Vegctationsorgane 
der Marattiaceen, Bot. Zeit. 1876. Junkman, F.ntwiekeiung des Prothalliuins der Marattiaceen, Bot. 
Zcit. 1878.] 
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different ages (£, nb). The young leaves have a circinate vernation, and are com- 
pletely invested by the stipules until the time when the petiole begins to elongate 
and the lamina to unroll itself. Each pair of stipules belonging to a petiole forms, 
as is shown in Fig. 291 , A and B, an anterior and a posterior chamber, which are 
separated by a longitudinal wall (commissure). In the posterior chamber lies the 
rolled-up leaf, to which the stipules actually belong, the two posterior wings of the 
stipules extending round it. The chamber formed by the anterior wings of the 
stipules encloses ihe group of young leaves. This is the arrangement in Angiopteris , 
and it appears from herbarium specimens to obtain also in Datura , and from 


*sl 




FlG. 291 Basal portion of 
a petiole it with the stipule cut 
through obliquely ; v the anterior 
and /» thi^ posterior wing; at the 
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Fh. 291 ^.—Vertical section of the stem of a young Anzioftert \ nvtfa above are the youngest leaves (/>) still completely 
surrounded by the stipules ufi ; st petiole of an unfolded leaf with its stipule nf<; ti, in every ease the eh atrix on the basal 
portion of the petiole //, from which the uppjr portions have separated ; • t the conunissin es of the stipules in vertical scutum ; 


drawings in Marattia, Karting’s representation of the stipules is quite erroneous. 
These peculiar stipules remain fresh and succulent not only during the life of the 
leaves but also after they have fallen, and adventitious buds may originate from 
them. 

The roots arise, as is shown in Fig. 291, A, in the tissue of the stem 
immediately below the growing-point. One arises apparently at the base of each 
young leaf. They grow obliquely through the succulent parenchyma of the stem 
and of the older basal portions of the leaves, and finally reach the surface at a 
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lower level between them or through the cicatrix of a leaf. They are not so 
numerous as those of most true Ferns, and they differ from them in their light 
colour, their more delicate structure and their greater thickness, peculiarities which 
they share with those of Ophioglosscae. They ramify considerably in the soil, 
apparently in a monopodial manner. 

The leaves which in the smaller species attain a height of from one to two 
feet, in the largest (Angiop/eris) of from five to ten feet, have a long firm petiole, 
channelled on its inner surface, which bears the compound lamina which is either 
pinnate, or bi-pinnate, or palmate as in Kan /fuss ia. The primary petiole is attached 
to the basal portion by means of an articular swelling, and the secondary petioles 
are connected with it, the leaflets with their rachis, in the same manner, just as is 
the case in the Lcguminosie. 

The Marattiaccce differ fiom the glabrous Ophioglossece in that they are 
hirsute, "'but not nearly so much so as the true Ferns. 



IK .. vy2 — /' umlfi ^urf.ice »>f tlv; u|>|>i-r pmt i f .1 lrnfli t nf illi c .on » * A -.omi- U 1 tliof the margin of 

th<* If.il of A/inti/tm t/ w it I* .of t * ( li.tlf ,t vmf. with spoianyi.i (< It. unitors). 

The Sporangia of the Marattiacca? are developed in considerable number on 
the underside of ordinary leaves which have undergone no further modification, 
lake those of the majority of true Ferns they are borne upon the veins of the 
leaves, and arc usually arranged in two rows forming sori, which either cover the 
veins running from the midrib to the margin of the leaflet throughout their whole 
length (J/amra), or only for a short distance near the margin ( Angiopteris , MaraUia ) ; 
in Kaulfussia they are placed upon the delicate anastomosing branches of the 
veins. The sorus is borne upon a cushion -like outgrowth of the tissue of the 
vein, the placenta. In A ngwplctis alone are the individual sporangia free from 
each other ; they are ovoid and sessile, and when mature they open by a lon- 
gitudinal slit on their internal surface. If the sporangia of each row of the 
sorus be imagined to have become coherent, and the two rows to have become 
attached by their adjacent surfaces or to have completely coalesced, a structure 
results which actually occurs in MaraUia (Fig. 292, B , C). This structure might 
well be regarded as a sporangium with numerous chambers arranged in two rows 
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if the history of its development alone decided the question, and then it would 
offer no analogy to the same structure in Angiopteris . But analogy clearly indicates 
that in Maraliia we have not to do with a multicellular sporangium but with a 
sorus, the individual sporangia of which have become united. Like those of 
Angiopteris , each of these sporangia opens by a longitudinal slit upon its inner 
surface. It is of but little importance for this interpretation that the apparently 
multicellular sporangium, which we regard as a coalesced sorus, is borne in 
Kupodium (Afar. Kaul/ussii) on a stalk of considerable height, for the sorus in 
many of the true Ferns ( Cyaihea , Thyrsopferis ) is also stalked. It can scarcely 
be doubted therefore that the multicellular fructification of Mar at li a is a coalesced 
sorus, and the same holds good also for Kaul/ussia and Datura. In Kaul/ussia 
the sporangia of a sorus (from eight to twenty in number) are arranged in a circle 
and are united to form a nvany-chambercd ring. Each opens on its inner side 
by a longitudinal slit. This arrangement is even more striking in Datura , where 
the united sporangia form two long rows covering the vein bearing them throughout 
its whole length, and where each chamber (sporangium) opens at its apex. The 
sorus is usually surrounded by flattened lobed hairs forming a kind of indusium , 
which, in Datura , appears like a kind of cup in which the sorus lies. Luerssen’s 
argument that these outgrowths of the epidermis are not to be regarded as an 
indusium because they occur elsewhere upon the leaves and are therefore merely 
hairs, is not valid, for the indusium of the true Ferns is a hair-like outgrowth, and 
must be regarded as a trichome. As in the Ferns, so in the Marattiacese, the 
indusium does not occur in all species. 

The development of the sori has been studied by Luersscn and by Goebel 
in Marattia , and by these observers and by Tschistiakoff in Angiopteris . In both 
cases the placenta arises as a cushion-like protuberance from the fertile vein of 
the epidermis and the subjacent tissue. In Angiopteris two separate rows of 
papillae make their appearance upon the receptacle, each of which consists from 
the first of a group of* cells derived from a group of the superficial cells of the 
placenta. Each papilla becomes one of the free sporangia of the sorus. In 
very young sporangia Tschistiakoff was able to detect an internal cell (archc- 
sporium) surrounded by two or three layers of cells which gave rise by repealed 
division to a group of spore-molher-cells. In Marattia two parallel swellings 
appear on the placenta, which soon become separated by a deep and narrow fold. 
In each of these swellings a row of cell groups, the mother-cells of the spores, 
are differentiated, which have been formed by the division of the archesporium. 
Each of these groups corresponds to a sporangium, the walls of adjacent sporangia 
coalescing from the first. The inner surfaces of the two parallel swellings approach 
each other more and more closely as development proceeds, but they separate 
widely when the spores are ripe, so that the multilocular fructification splits longi- 
tudinally into two halves, and the loculi of each half open by vertical slits upon 
their inner surfaces. 

The development of the spores, four from each mother-cell, differs but little 
from that of the Ophioglosseae and the Ferns. It is important to note that in 
the Marattiacese the wall of the mature sporangium consists of several layers of 
cells, whereas in the Ferns it consists only of one. 
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History. As , peculiarity of. the epidermal tissue the very large widely, open 
stomata of the leaves of K<mlfuuin may be mentioned. 1 hey aic de\ eloped in the usual 
wav, but they scon become remarkable on account oi the extraordinary size of the 
aperture ami of the arrangement of the guard-cells m a narrow ring, sum ounded by 
two or three rings ot epidermal cells (Luerssen). T 

In the intercellular spaces of the parenchymatous ground-tissue of the leaves Luerssen 
found outgrowths from the walls of the surrounding cells. Where the spaces were small 
these outgrowths assumed the form of bosses or pegs, but where the spaces were 
large thev were long thin filaments. They are quite solid and consist of cuticularised 
cell-membrane. The large intercellular spaces are quite filled with a felt-work of these 
filaments. Luerssen found this to be the ease in Kaulfussia , Datara, Angiopteris, 
Moral tin. 


In the ground-tissue of the leaves bands and bundles of sclerenohyma are differen- 
tiated, but it is not so hard or so darkly-coloured as that of Ferns. In the articular swellings 
collcnchyma is developed. Elongated cells containing tannin arc to be found in all parts 
of they ground-tissue, and gum-ducts are scattered throughout the thin-walled paren- 
chyma. Reference has been made on page 64 to the Spha*rocrystals. 

In the stem of Angioptrris, which I have investigated, there is no sclercnehyma. It 
consists for the most part of large thin-wallcd parenchymatous cells, amongst which are 
scattered very numerous cells containing tannin, as well as gum-ducts. The contents of 
the latter cover a piece of the stem when placed in water with a thick layer of 
gelatinous mucilage. 

The fibro-vascular bundles of the leaves and of the stem resemble those of the Ferns. 
The central xylern consisting of wide scalarilorm traeheuies is surrounded by a layer of 
phloem. In the leaf the bundles (of Aogiaptrrij) are usually flattened, in the stem they 
have a circular outline. The usual bundle-sheath, consisting of a single layer of cells with 
a peculiar folding on their adjacent walls, which is especially constant in the Ferns, is 
absent in Marattia and Angiupteris from the iibro-vascular bundles both of the leaf and of 
the stem, blit it is present in Dmitea. In the root it is present, and consists of large cells. 
Hurting has described the roots which traverse the parenchyma of the stem (Fig. 291 
A , qv) as fibro-vascular bundles, and has figured them on Plate VII. figs. 3 and 4 of his 
Monograph of the Marattiaceac. He did not investigate the structure of the real fibro- 
vascular bundles at all. It is necessary to draw attention to this mistake because Russow, 
relying upon Halting, describes the fibro-vascular bundles of -the stem as possessing an 
external sheath (Schutxschadr), and states that this structure occurs only in the roots 
which traverse the stem. It is difficult to imagine how Russow could have overlooked this 
obvious mistake of Harting’s. It is by no means easy (in Angiapteris ) to obtain a 
transverse section of one of the fibro-vascular bundles of the stem, for they are very 
irregularly curved and are everywhere covered with roots which traverse the network 
formed by the bundles. As I had only one stem at my disposal I was unable to satisfy 
myself as to the true form of the fibro-vascular system, but it appears that Uarting’s 
figure is not very true to nature. The numerous bundles which bend outwards into each 
leaf are formed by the division in the lower part of the petiole of the few bundles which 
spring from the fibro-vascular network of the stem (Fig. 291 A). 

According to Holle, the stem of Marattia grows by means of a four-sided apical cell. 
In the stouter roots, according to Harting and Russow, the place of the apical cell is 
taken by a layer of very large cells. In the slender roots of Marattia and Angioptrris 
Holle has found a four-sided apical cell. 



FIUCINE&. 


421 


Order II. Filices 1 . 

The Sexual Generation (Oophore) or Prothallium of Ferns is a thalloid body 
containing chlorophyll and obtaining its nourishment independently; its development 
presents striking resemblances to that of the simpler Ilepaticae, and to a certain 
extent even to the formation of the protonema of some Mosses. It produces simple 
tubular unarticuleted root-hairs, and finally antheridia and archegonia. Its develop- 
ment and the duration of its life may embrace a considerable space of time, espe- 
cially when the archegonia are not fertilised. 

When the spores germinate, which usually does not take place till a con- 
siderable time after dissemination (but in Osmund a after only a few days), the euti- 
cularised cxosporc, generally provided with ridges, bosses, spines, or granulations, 
splits along its edges; the endospore, which now protrudes and is not unfrequently 
already divided by septa, produces the prothallium, either immediately, as in 
Osmunda , or after the preliminary formation of a filamentous protonema, which 
presents in llymenophyllacece certain resemblances to that of llic Andrcaeacea* and 
of Tetr aphis among Mosses. The development of the prothallium has been more 
exactly investigated only in the Hymenophyllaccx, the Polypodiaceae, and also in 
Osmunda and A mimin' 2 ; and the considerable differences which have thus been 
established necessitate separate descriptions. 

In the Ilymenophyllaceae the contents of the spore are divided, even before 
germination, into three cells meeting in the centre ; in some species of Trichomanes 
small cells are cut off at three points of the circumference, while a large central 

1 II. von Molil, Uel>er den Bau des Slammts der Baum fa me (Verm. Schritten, p. ioR).— Hof- 
nicister, Uet er Entwickelung und Ban der Vegclationsoigane tier Fame ( Abhandlungen der kbnigl. 
Sachs. Gesolls. der Wissen. 1857. vol. V). — Ditto, Ueber die Ver/weigung tier Fame (Jahrb. fur 
wissen. Bot. vol. III. p. 278). — Mettenius, Filices Ilort. Bot.. Lipsicnsis (Leipzig 1856). — Ditto, Ueber 
die FTymenophyllaceen (AF>hnndlungen der kbnigl. Sachs, Gcs. der Wissen. 1864, vol. VII ). — Wigand, 
Botanisi'he Untersuehungen (Braunschweig 1854). — [On the Germination, Development, and Fruc- 
tification of the Higher Cryplogamia, &e. l\ay Society, 1862,])]). 128-266.] — Dipped, Ueber den 
Bail del Fibrova.salstrange, in the Berichte deutscher Natuifoischer u. Aerztc in Giessen, 1865, 
p. 142. — Reess, Entwickelung des Polypodiaeeensporangiunis (Jahib. fur wissen. Bot. 1S66, vol. V. 
p. 5). — I.es/c/yc-Suminski, Zur Kntwickelungsgeschichte der Earnkrauter, 1848.— Strasbnrger, 
Befruchtung der Farnkiautcr (Jahrb. fur wissen. Bot. 1869, vol. Vll. p. 390). Kny, Ueber 
Entwickelung des Protlialliums und dci Geschlechtsorganc, in the Sit/ungsbcrichte der Gesellschaft 
naturforschender Fieunde in Beilin, Jan. 21 and Nov. 17, 1868. — Kny, Ueber Bau und Entwickelung 
des Farnanlheridiums (Monatsbeiichte der kais. Akad. der Wissen. Berlin, May 1869). Kny, 
Beil 1 age zur Kntwickelungsgeschichte der Farnkraulcr (Jahrb. fur wissen. Bot. vol. VI L. p. i). — • 
Russow, Vergl Unters. Petersburg 1872. — Janc/ewski, Ueber die Arelugonien. Bot. Zeit. 1872, p. 
4*8. [On the develojmient of the prothallium, see nKo Bauke, KeiniungsgeschicHc der Schizieacccn, 
Jahrb. f. wiss. But. XI; Burck, Develop, du prothalle des Aneimia , Arch. Necrlandaises, X; Bauke, 
hntwick. d. Piolhalliums bei den Cyatheaceen. Jahib, f. wiss. Bot. X ; Goebel, Kntwick. d. Prothal- 
liums von Gymnogramme leptophylla , Bot. Zeit. 1877; Janc/ewski et Rostatinski, Le prothalle de 
1 Hymennphyllvm Tnnbridgense, Mem. soc. nat. d. sci. linUir. de Cherbourg, XIX ; Prantl, Die 
Ilymenophyllacecn, 1875.] 

2 Although the Osmundaccnc, Sell i/rca cere, and Gleicheniacex probably constitute a group apart 
from the Poly pod iacecc and Hymenophyllaceoc, 1 introduce here what little is known concerning them, 
for our knowledge is not sufficient to permit of any but an imperfect account of them being given. 
^ here it is not expressly stated to be otherwise, the descriptions given above refer to the Polypodiaccse 
and Uyalheaccre. 



412 


VASCULAR CRyPTOGAMS . 


cell remains undivided. The cells develope into germinating filaments, bursting the 
exospore in three directions ; these filaments then grow at their apex, and become 
segmented by septa : only one of them however generally attains a more decided 
development, the others soon assuming the form of hairs. In Hymenophyllum Tun - 
bridgensc this one frequently developcs at once into a cellular plate ; but in other 
species it forms a much-branched conferva-like protonema, on which fiat prothallia 
2 to 6 lines in length and $ to i \ in breadth are formed as lateral shoots. Each cell 
of the filament may give rise to a branch which is given off behind the anterior 
septum, and is at once separated by another septum. Some of these branches 
continue to grow indefinitely like the mother-shoot, others end in becoming hairs; 
a larger number are transformed into fiat prothallia, but most develope into 
root-hairs. I k re and there the rudiment of a filamentous branch becomes con- 
verted into an anlheridium, or even into an archcgonium. At the apex of the 
flat profhallia spherical cells a ike in Trichonnmes inn's tun on marginal flask-shaped 
cells : these must probably be considered as organs of propagation ; but the mar- 
ginal cells of the flat prothallia may develope into root-hairs and new protonemal 
filaments, and also into new flat shoots. The root-hairs are mostly short, with 
brown walls, and produce at their end lobed attaching-discs or branching tubes. 

In the Polypodiaceiv and Schi/aeaceie the endosporc developcs into a short 
articulated filamentous protonema, at the end of which, even at an early stage, a 
more or less considerable increase in breadth takes place ; a plate of tissue is thus 
formed consisting at fir->t of only one layer, which soon assumes a broadly cordate 
or even reniform shape, and has its growing apex situated in an anterior depression. 
Its apical cell forms two rows of segments right and left, by walls which are per- 
pendicular to the surface, and from their further divisions the fiat tissue is produced. 
The power of rejuvenescence of the apical cell is, however, limited ; it ends in 
the formation of a septum by which a new apical cell is formed, which then divides 
by longitudinal walls, and thus forms a row of apical cells lying side by side 
which occupies the bottom of the depression of the prothallium-disc, in the same 
manner as in the thallus of Palin. The root-hairs are all lateral structures, 
springing in large numbers from the under-side of the posterior part of the pro- 
thallium ; among them are the antheridia, which in this case are only randy 
marginal. The archcgonia are also produced on the under-side, but on a cushion 
behind the anterior depression formed of several layers; in Caatopteris several 
cushions arc formed bearing archcgonia. 

Osmunda (examined minutely by Kny, and compared with the preceding, /. r.) 
is distinguished in the first place from the Polypodiaccas and Schi/aeaceae by the 
absence of the protoncmatous filament. The endosporc undergoes divisions at the 
very commencement of germination, which form a plate of tissue of which a pos- 
terior cell is converted, as in Equisetacese, into the first root-hair. The succeeding 
root-hairs arise from marginal cells and on the under-side of superficial cells of the 
prothallium, the apical growth of which follows a similar course to that of Polypo- 
diaceae. The mid-rib consisting of sevcial layers is characteristic of Osmunda , 
penetrating the ribbon-like prothallium from the posterior end to the apex, and 
producing a large number of archcgonia on both sides. The antheridia spring partly 
from the margin, partly from the lower surface with the exception of the mid-rib. 
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Like many thalloid Hepatic®, the prothallia of Ferns also produce adventitious 
shoots from single marginal cells 1 ; this happens with especial profusion in Osmunda , 
where the adventitious shoots become detached, and play the part of vegetative 
organs of reproduction. 

The prothallia show a tendency to be dioecious, which is manifested in the 
fact that all the spores from a sporangium sometimes produce prothallia bearing 
anthcridia only (as in Osmunda regal is) ; while in other cases the archegonia 
appear later ana in smaller numbers, and are fertilised by the anlheridia of younger 
prothallia. 

The A?itheridia are, speaking morphologically, trichomes; they are produced in 
the same manner as the root-hairs, as outgrowths of the marginal or superficial cells 
of the prothallia; in the Hymcnophyllacea; they are also produced on the protonemal 
filaments. The projection is usually separated from the mother-cell by a septum, 
and swells up spherically at once or after the formation of a pedicel. In some 
cases the mother-cells of the antherozoids are formed at once in this globular cell ; 
but it usually undergoes still further divisions 2 , in consequence of which the wall of 
the antheritlium consists of a single layer of cells surrounding the central cell. 
Within the cells of this layer chlorophyll-granules are formed towards their inner wall, 
while the central cell of the antheridium divides further into the mother-cells of the 
antherozoids, which, however, are not numerous. The dehiscence of the ripe anthe- 
ridimn is the consequence of a rapid absorption of water in the parietal cells, which 
swell up violently and compress the contents of the central cell till the antheridium is 
ruptured at the apex. The antherozoid-cells thus escape, and out of each of them 
is set free an antherozoid coiled spirally three or four times. The finer anterior end 
of each antherozoid is provided with a number of cilia ; the thicker posterior end 
often drags with it a vesicle furnished with colourless granules, which subsequently 
falls off and remains at rest, while the filament alone continues in motion. Stras- 
burger states that this vesicle is formed from a central part of the contents of the 
mother-cell, the parietal protoplasm of which forms the filament and its cilia. The 
vesicle is hence properly not a part of the antherozoid; it is only attached to it, 
and swells up strongly in water by endosmose, as is shown in Fig. 293. 

The Archcgonium arises from a single superficial cell of the prothallium, which 
is at first only slightly arched ai\d is divided by two walls parallel to the upper 


1 [C >n the formation of gemma: by Fern-prothallia, see Cramer, Ucb. gcschiechtslose Vermehrung 
dc\s Farn-prothallium, Basel 1881.] 

a These divisions take place in a very rcmaikable manner. In the hemispherical mother-cell of 
the antheridium of Aneitnia hirta an arched wall arises, by which it is divided into an inner hemi- 
spherical cell, and an outer one which covers the former like a hell ; the latter is then split up by a 
transverse annular wall into an upper lid-like and a lower hollow cylindrical cell. The same thing 
occurs in Cerafaj'terh ; in other cases, as in Aspleniunt citatum. , a funnel-shaped wall is lormed in 
the hemispherical mother-cell of the antheridium, the wide end of the funnel being directed towards 
tlv upper surface ol the mother-cell, and the upper part of the mother-cell is cut off by a liansvcrso 
septum as a coveiing cell ; two, or even three, funnel-shaped walls may be formed in succession, so 
that the parietal layer of the antheridium consists of two or three superposed cells torming its 
circumference and a coveiing cell (as in Fig. 293). The mode of formation of the antheridium-wall 
is quite ditl event in Osmunda* wheic it consists below of two or three cells, upon which rest several 
of the upper cells which result from the division of the covering cell (Jvny, /. c.). —[See also Slras- 
burger, Thcilungsvui gauge in den Anthciidicn tier Fame: Zellbildung und ZeUthcilung, 3id cdilion.J 
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surface. The lowest of the three cells thus formed, which Janezewski calls the 
basal cell (Fig. 294, below e), subsequently divides in the same manner as the cells 
of the surrounding tissue, and thus contributes to the formation of the ventral wall 
of the archegonium which is completely embedded in the tissue of the prothallium. 
The most external of the three primary cells gives rise to the wall of the neck of the 
archegonium (Fig. 294, A , hh ), by dividing crosswise into four cells from which the 



Tit. 'Anthcruli.t of Adirtntum i\ (v wi), in hmuitiiriinal opln a I section , / not yet tip* 

// the .mtht'ti./nnls <ilr ady mature ; /// tin* anihcrulitim I mrst, the parietal tells tfieatly swollen rndialiy, ll 


four rows of cells of which the neck of the archegonium consists are produced by 
oblique divisions. The anterior wall of the neck (that is, the wall which is directed 
towards the apex of the prothallium) grows more rapidly than the* opposite wall and 



l I<> r .'r> i — Voting arche;M.nu of i‘ten\ st*t ulata (aft< r Sti as! miner) , r the irntraf cc.ll, h h thr nc< k. k the canal-ieH. 


becomes convex. Accordingly, the number of cells in the anterior row is larger 
than that of the posterior row, in the former it is usually six, in the latter, four. 

From the middle one of the three primary cells the central cell and the canal- 
cell of the neck are derived, that is, the axial row of cells of the archegonium. 
Whilst the wall of the neck is being formed, this middle cell becomes pointed above 
and penetrates between the cells of the neck (Fig. 294, .,1); the pointed portion is 
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then cut off by a transverse septum and forms the single canal-cell of the neck, 
which elongates with the growth of the neck and fills its cavity. According to 
Strasburger a tendency to division, which however does not actually take place, is 
indicated (Fig. 294, B) by the appearance in the neck-cell of several nuclei, a view 
which is opposed by Janczewski. According to the latter observer the large central- 
cell divides into an upper small cell, the ventral canal-cell (Fig. 295, /?, j), and into a 
lower much larger cell, the oosphere, which subsequently rounds itself off. The 
walls of the canal-cells swell up, become mucilaginous, and finally the watery muci- 
lage together with the protoplasm of the canal-cells is forced out of the opened neck. 
The antherozoids are retained by this mucilage and collect in large numbers before 
the archegonium ; a number force themselves into the canal of the neck, often finally 
stopping it up; a few reach the oosphere, force themselves into and disappear in it. 



I'M >• — An. he^nma of Atita ntum < /’< ///■; , i (v S.x>). 1, I', ( . / in longitudinal optical section ; /> in transverse 

opiu ,il section ; A, /», t liefnn*. !• after fertilisation ; h nock of the arcliejjoimun, it mass of mucilage, e ooSplure ; /■", r f lie 
two-i riled cmUryo (ohstrved after lyuijj one d.iy m glycoi me). 

The entrance takes place at a lighter spot of the oosphere facing the neck, which is 
termed the Receptive Spot 1 (compare the oogonia of Algae). After fertilisation the 
neck closes. 

The Asexual Generation (Sporophorc) or Fern (as it is popularly termed) is 
developed from the oospore or fertilised oosphere of the archegonium”. At first the 
surrounding tissue of the prothalliuin keeps pace with the increase of the embryo, so 

1 Strashurger states that the act of fertilisation may he observed especially clearly in Cera - 
top ter is ; the forcible entrance of the antherozoids as far as the oosphere had previously been seen 
by Hofmeister. 

9 [From the researches of Fallow (Quart. Jour. Micr. Sci. 1874) and of T)e Bary (Hot. Zeit. 1878) 
the sporophorc is frequently developed from the oophore in some Ferns (. Pteris cretica, A spidium 
falcatutri) without the intervention of sexual organs. The young Kern is produced as a bud from 
certain cells of the prothallium. Pc Bary terms this mode of development Apogamyi] 
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that this latter remains for some time enclosed in a protuberance springing from 
the under surface, until the first leaf and root break through. 7 he first processes 
of division of the oospore are, as Hofmeister has shown in the case of Pteris aquihna 
and Aspidium Filix-mas , not entirely alike in different Ferns 1 . It is certain, how- 
ever, that the first division-wall (called the basal wall) of the oospore is transverse 
to the longitudinal axis of the prothallium, and inclined to it obliquely ; as shown 
in Fig. 29 f„ 7 t\ its inclination is the same as that of the neck of the archcgonium. 
It is also certain that each of the two daughter-cells is at once divided again by a 
wall in the plane of the prothallium (called the Iransverst wall ), so that the embryo 
now consists of four cells placed as quadrants of a sphere, and these are further 
divided by a wall parallel to the long axis of the prothallium (called the median wall). 
In Fig. 296 these first transverse divisions are indicated by thicker lines, the embryo 
being seen in longitudinal section. The explanation of the figure points out the 
interpretation which Hofmeister gives to the first four cells of Pteris aquilina , which 
the reader may compare with the corresponding development of Salvniia and 
Alarsilia ; but it must not be forgotten that the embryo of the Fern lies, so to 
speak, on its back. Although it is impossible in this place to go into a more 



J<„ ?<y.. « Virtu al lonyituflm.il mi non n! Hk unluyo >>! /’/»■/» ,t./nt/ntn (..lt<-r I Infim-Hlrr. l-ntwickelmiy nntl 
cli r V cy ctalionviry.ini. rkr 1 ariu.. p >•„ ) , tin tliickir lint >. arc so turns of tin first two division-walls by 
t the t-iubiyo is diviikd into font nil*. (the tontinuous tlm k line repn-smts the basal wall). Tin lower unt» rior 
irtns the leaf l > , Horn the uppi , i •interim i* dented tin stun </. ft mu the lower postuun edl is pndund 
mt, sv betny its .ipic.il eell ami wh its root-cap; t lie foot j is tonne <1 from tin upper ami posterior of the fust 


minute description, it is still necessary at least to point out that a close resem- 
blance exists between the embr)o of Ferns and that of Rhizocarps. 

[The embryo now consists of eight cells. Of the four octants which lie in fropt 
of the basal wall (the tpibasal half of the embryo) the two upper (/. e. those nearest 
the neck of the archegonium) give rise the one to the growing point of the stem, the 
other to trichomes, from the two lower octants the first leaf (cotyledon) is developed. 
Of the four octants which lie behind the basal wall (forming the hypobasal half of the 
embryo), the upper two form the foot ; and of the lower two, the one which is diame- 
trically opposite to that which forms the stem gives rise to the root, and the other is 
gradually suppressed.] 

1 [On the embryology of Ferns, see Kny, Kcinning uiul Kntwickcl. von Cer diopter is, Hot. Zeit. 
1874, and Die Entwickclimg der I’arkeriacecn, Nov. Act. Acad. Leop. Carol. 1875.-- Vouk, Die 
Entwick. des Embryo bei Aspleniurn Shepherdi , Silzbcr. d. Wien Akad. 1877. — Leitgcl), ibid. 1878, 
Zur Embryologie tier Fame. Kienitz-Gciloff, Knlwickclung des Embryo bci Pten* serrulata , Bot. 
Zeitg. 1878. — A good summary is given by Sadebeck in Schenk's Ilandbucli, vol. I. Compare also 
the accounts given of the embryology of Eguisctum, Mar si ha, Salvia in, and Selaginella , as also of 
Muscinea*: further, Goebel, zur Embryologie der Archegoniaten, Arb. d. bot. Inst, in Wurzburg, 
II. 3. 1880.] 
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The foot is an organ by which the embryo attaches itself to the tissue of the 
prothallium, in order to draw nourishment from it while the first roots and leaves are 
being formed. The first parts of the stem and the roots and leaves, which are now 
developed in succession from the embryo, are very small, and remain so ; those 
which are formed later are gradually larger. The leaves become constantly more 
complex in form, and the structure of the stem more intricate as the new portions 
formed by its growth in length increase in diameter. The first parts of the stem, 
like the first leaf-stalks, contain each only one axial fibro-vascular bundle ; the later 
ones a larger number when both stem and leaf-stalk have attained a considerable 
thickness. In this manner the Fern continues to gain strength, not by subsequent 
increase of size of the embryonic structures, but by each successive part attaining 
a more considerable size and development than the preceding ones ; until at length 
a kind of stationary condition is arrived at in which the newly-formed organs are 
nearly similar to the preceding ones. The following observations refer especially to 
this mature condition of Ferns. 




Cf(. 797. — vertical longitudinal 

‘"timi through t Sir prothulhum // mid the young Fein A; 
/! rrioi-li.ins, a ■udiegoiuu of the prothallium, f> the tirbt leal, 
h the hr,t root of the young plant (a about to) 


H(.. swjft. — AiinxHtunt C itj>ilins- 1 'eneri>\ , the pro. 
thallium pf> seen from below with the young l ern 
•ill. idled to it; f> its first leaf; ir f tv u its first and 
second routs ; h root -haus of the prothallium (x about 
30). 


The mature Fern is, in some Hymenophyllacea?, a small delicate plant, not 
much exceeding in dimensions the larger Muscincse ; in other sections the, fully 
grown plants attain the size of considerable shrubs; some species, natives of the 
Tropics and of the Southern Hemisphere, assume even a palm-like habit, and are 
called Tree-ferns. The stem creeps on or beneath the ground (as in Polypodium 
and Pier is aquilim), or climbs up rocks and stems; in some it ascends obliquely 
Aspidium Fi/ix-rnas) ; in Tree-ferns it rises up vertically in the form of a 
column. The roots arc usually very numerous ; in Tree- ferns the stem is often 
entirely covered by a dense mantle of them. They arise on the stem in acro- 
petal succession; sometimes close to the growing apex of the stem (as in Pier is 
aquilind). When the internodes remain very short, and the stem is entirely covered 
with the bases of the leaves, the roots arise, as in Aspidium Filix-mas , from the leaf- 
stalks. In many Hymcnophyllaecce which have no true roots, branches of the stem 
assume a root-like structure. In creeping and climbing species the leaves are sepa- 
rated by distinct internodes which are sometimes very long ; in thick, ascending, 
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anil vertical stems, the internodes are usually undeveloped, and the leaves so crowded 
that no free portion of the stem remains uncovered, or only a very inconsiderable 
one \ The leaves of Ferns are usually characterised by a circinate vernation, and 
they only unroll in the last stage of their growth; the mid-rib and the latcial veins 
are curved from behind forwards. The forms of the leaves are among the most 
perfect in the whole vegetable kingdom ; they manifest an enormous variety in 
their outline, the lamina being usually deeply lobed, branched, or pinnate. In com- 
parison with the stem and the slender roots they are mostly very large, and some- 
times attain extraordinary dimensions, even a length of from 6 to io feet (as in 
Pleris aqtiilina and Ciboiium ). They are always stalked, and continue their growth 
at the apex for a long time ; the leaf-stalks and the lower parts of the lamina are 
often completely unfolded while the apex is still growing (as in Ncphrolefns). '1 his 
apical growth is not unfrequently interrupted periodically [vide infra ) ; in LygmHum 



1 l(. ^.'9 — :s .» pa»t <il tin nml« i rou ml sti in with Ifravr- mil bu*.*". *'• tin* 1 * ;if-s 1 .i!k\ (rrilmnl about one- 

half), / olilcr portion of tin* stent benim; the two bifun atimis // ami //', ir the apt x of the weaker brain h //; hc->t<li it ihr 
vounvfe'jt leaf rmlinicnt 8 , t-y the lea\ es olihis I iaiu h, an hetnn developed in raihjeaj; i-^tlu leaves of < arlu r v«‘.ns, wl.it h 
have already died of! at some distant e (mm the stem ; o the leaf ol the present y*ar with unfolded lamina, thr stalk having been 
rut nfT ; 7 the young leaf for next ye.n , at the aj c\ »>f the .talk is the lamina stul very small and eiitirtl\ t lothrd with hairs 1 lie 
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the leaf-stalk or the rachis resembles a twining stem with long-continued growth, the 
pinnae presenting the appearance of leaves. The amount of metamorphosis of the 
leaves is, notwithstanding, very inconsiderable ; on the same plant the same forms 
of leaves, mostly foliage-leaves, are constantly repeated ; scale-like leaves occur on 
underground stolons (c. g. in Slruthiophris gcrmanica ), and in many cases the fertile 
leaves (those which bear sporangia) assume special forms. Such differences as 
occur in most Phanerogams arc not found in the development of the leaves of one 
plant; Plalycerium ab iconic must, however, be mentioned, as having the foliage- 
leaves alternately developed as broad plates closely applied to the supporting surface 
and as long dichotomously branched ribbon-shaped erect leaves. 

Among the various forms of trichomcs of Ferns those termed Ramcnta are 


1 From the change of form and of size piesuitcd by the older cicatrices Iirongniart concluded 
that the stems of the Tree-ferns continue to grow in length (and in thickness?) for some time after 
the leaves have fallen off. 
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especially striking, from their great numbers and from being frequently flat and leaf- 
like ; the younger leaves arc generally entirely covered and concealed by them. 

After these preliminary particulars, we may now turn to a consideration of the 
mode of growth of the separate organs. 

The growing end of the stem sometimes far outruns the point of attachment of 
the youngest leaves, and then appears naked, as in Polypodium vulgar e, P. sporodo- 
carpum , and other creeping Ferns, as well as in P ter is aquilina , where, according to 
llofmeister, it frequently attains in old plants a length of several inches without 
bearing leaves. Mctlcnius states that in many Hymenophyllaceae leafless prolon- 
gations of the axis of this kind have been taken for roots. In other cases, on the 
contrary, especially in Ferns with an erect growth, the increase in length of the 
stern is much slower, its apex remaining enclosed in a leaf-bud. The stem generally 
ends in a flat apex ; sometimes, as in Pteris , it is even imbedded in a funnel-shaped 
elevation of the older tissues (Fig. 301, E). The apex of the stem is always occupied 
by a clearly distinguishable apical cell, which is either divided by walls alternately 
inclined, and then resembles, when viewed from above, the transverse section of 
a biconvex lens ; or it is a three-sided . 

pyramid, with a convex anterior surface * 

and throe oblique lateral surfaces, which 
intersect behind. The outlines of the \ 

segments, which are in the first case in 
two, in the second case in three rows, / \ 

or arranged with more complicated iW J 
divergences, soon disappear in conse- v/ 

quonce of numerous cell- divisions and 
of die displacement caused by the 
growth of the masses of tissue and * 7 ^ 

leaf stalks surrounding the apex. The 
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/• 1 i j .1 . le i O h h iMir* which cover the apu .\l reeion surrounded by x 

hna, is wedge-shaped, the segments < ushw»n »i ti»uc. 
on the horizontal stem forming a right 

and a left row ; the edges of the apical cell face upwards and downwards 
(Fig. 300). The same is also the case, according to Hofmcister, in Niphoholus 
chimmis and rupestris , Poly podium aureum and punc/ula/um , and Platy cerium 
a/c iconic. In Polypodium vulgarc he states that it is sometimes wedge-shaped, 
sometimes pyramidal with three faces ; the last-named form occurs also in Aspidium 
Eilix-mas , &c. As a rule it may for the present be assumed that creeping stems 
with a bilateral development have a wedge-shaped apical cell, upright or ascending 
stems with radiating rosettes of leaves one that is a three-sided pyramid. 

The further relationships of the segments of the apical cell of the stem to the 
origin of the leaves and to the building up of the tissue of the stem itself are 
still but little known in detail. It cannot be doubted that each leaf results from 
a single segment only, and that this segment-cell is devoted from an early period 
to the formation of the leaf, but it appears doubtful whether the segments always 
form leaves, and if not what number of sterile segments intervenes between those 
from which a leaf is developed. 
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The phyllotaxis of Ferns sometimes corresponds to the rectilinear arrangement 
of the segments of the apical cell. Thus the distichous arrangement of the leaves 
of Pier is aquilina , Niphobolus rupestris , and of some species of Polypodium , corre- 
sponds to the biseriate segmentation of the apical cell of the stem. But where the 
phyllotaxis is complicated and spiral, and the apical cell a three-sided pyramid, as 
occurs in Aspidium Filix-mas , the same processes may take place as in those Mosses 
which have their leaves arranged in many rows with a trilateral apical cell, such 
as Pohirichum \ 

The Terminal Branching of the stem is considered by Hofmeister to be 
dichotomous in all Ferns *. The branches arise very near the end of the stem, and 
are, at least at first, equivalent to the primary stem, so that the blanching is a 
bifurcation. That the branches are independent of the leaves is inferred by this 
writer from the fact that the ends of the stem of Pieris aquilina . which are leafless 
and often several inches long, regularly bifurcate. These branches are, in this 
and in many other cases, not axillary ; and where, in other Ferns, they appear 
axillary, we must assume, with Hofmeister, that the bifurcation has taken place 
immediately in front of a youngest* leaf, and that the limb of the fork which stands 
before the leaf developes to a smaller, while the other (the prolongation of the primary 
stem) does so to a greater extent. The branching at the end of the stem does not 
necessarily take place in the same plane as the insertion of the leaf immediately pre- 
ceding ; when it does, the branch stands laterally on the stem beside the leaf. To this 
class belongs, according to Mcttcnius's description, the extra-axillary branching of those 
Hymcnophyllacea.' which have their leaves in two rows. That which distinguishes 
Ferns from Phanerogams with axillary branching, especially Angiosperms, is the 
rarity of terminal branching. While in the latter every leaf-axil, at least in the 
vegetative region, bears a bud, even the apparently axillary branches of creeping 
Ferns with long internodes occur mostly only at great distances, being wanting in 
a number of intermediate leaves. In those Ferns where the growth of the stem is 
slow and the apical region of considerable size, especially in erect species like Aspi- 
ditrn Fiiix-mas and the Tree-ferns, terminal branching of the stem is reduced to 
a minimum, or is entirely absent, or occurs only in abnormal cases. 

The formation of new shoots from the bases of leaf-stalks must be distinguished 
from the normal terminal branching of the stem. These have nothing to do 
genetically with the stem, any more than the formation of adventitious shoots from 
the lamina of the leaves ( vide infra). 

The Development of the Leaf ' 1 2 is exclusively hasifugal and apical, the further 
growth being also hasifugal. The leaf-stalk is first formed ; at its apex the lamina 
begins subsequently to show itself ; its lowest parts are formed first, its higher parts 
in hasifugal succession. The extraordinary slowness of this growth is very re- 

1 See Hofmeister, Allgemeine Morphologic, p. 509; and Pot. Zcitg. 1870, p. 441. 

2 [According to Mettcnius (Ueb. Scitcnknospcn Ini Fariicn, Ablull. d kgl. siichs. Ges. cl. Wiss. 
V. 1861, this is not the case. Mettcnius’ view has been recently confirmed by Prantl. who has 
found that the branching in many Ferns, such as Cy a op term movtana , Phegopteris vulgaris , Dryopteris 
calcarea , is effected by lateral buds (Flora, 1875). Cerafopteris appeals to be the only Fern which 
does not produce them (Kny, loc. cit.)] 

* [See Sadcbeek, Ueb. d. Entwick. d. Farnblattes ; Vtrhandl. d. hot. Vcr. d. prov. Branden- 
burg, 1874.J 
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markable, finding its parallel only among the Ophioglossaceae. In old plants of 
PUris aquilina the formation of the leaf commences fully two years before its un- 
folding: — at the commencement of the second year only the leaf-stalk is as yet 
in existence, about one inch high. Up lo this period its growth has been effected 
bv a single apical cell which is divided by oblique walls in alternating directions ; 
it is now carried on by a number of marginal cells which divide. The pinnae are 
derived from the segments of the single apical cell ; the veins are formed by the 
repeated divisions of the marginal cells (Sadebeck). In the summer of the second 
year the lamina arises for the first time at the apex of this rod-like body, and may be 
found hidden in the form of a minute disc beneath the long hairs. It immediately 
bends downwards at its apex, and hangs down like an apron from the apex of 
the stalk (Fig. 301, 7?, C 9 7J). Its growth now proceeds underground, so that it 
does not begin to unfold till the third spring, when it is raised above ground 
bv the elongation of the leaf-stalk. The whole of the leaves of a rosette of Aspidium 
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Fih'x-Ptqs have been in course of formation two years before their unfolding ; 
the leaf-stalk is in this case also formed in the first year, and the first formation 
ol the lamina takes place on the oldest leaves of the young rosette. 

The basifugal apical growth of the lamina of Fern-leaves is however most 
conspicuous when it continually advances for a considerable time without attaining 
a definite conclusion while the lower parts of the lamina have long been fully 
developed, as in ' Ncphrolepis. The periodical interruption of the apical growth 
of the lamina already mentioned occurs in many species of Glachenia and Merlcnsia, 
where the development of the leaves remains stationary above the first pair of 
pinnae, and when the pinnation is compound this is often repeated in the several 
orders of branching, so that the apex, forming apparently a bud in the fork, either 
remains altogether undeveloped, or is developed in a succeeding period of vegetation, 
and then only incompletely. This intermittent development of the leaves may 
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apparently extend over many years (see Braun, ‘Rejuvenescence/ p. 123). Ac- 
cording to Mettenius, the lamina of some Hymenophyllacece is capable of unlimited 
development, and is annually renewed. In Lygodium the primary branches of the 
lamina remain also in a bud-like condition at the end after the formation of each 
pair of pinnae of the second order, while the rachis of the leaf grows without 
limit and resembles a twining stem. 



VHj. 30/. — Aipniitnn Ft/ix >na* ; J bmgit udin.il sretmn through tne end of :t stem, rthc ap cal part of the stem st, 
b b leaf stalks, b* a j imiij; le.if still rolled u 1 , tin ft st enveloped in long hairs, j,- fihro.vasCul.it hundles ; E a kaf’-smlk of 
the same plant broke n oil. bearing at k a bud with seier.il leaves, 7/< a root of this bud , L a similar leaf-stalk tut through 
lengthways, bearing a foot at 7 / and a bud at h , J) end of a stein with the leaf -stalks cut oft with the exception of the 
youngest leaves of the terminal bud, m order to show the .irr.mgt nient of the lea\es, the sp.u es between the stalks b b 
are tilled with mimtrmis toots which themsi-lves all spring out of the stalks; /- end of a stem the cortex of which has 
been peeled off in order to show the net-work of fibro-vas< ular bundles 4'; /• a mesh of this net-work slightly magnified, 
showing the basal poitimis of the hundles which pass into the leaves. 


The branching of the lamina of Fern-leaves is not un frequently forked in the 
mature state, as in P l aty cerium, Schizaa, See. : but Hofmcister refers also the pinnate 
forms to dichotomous branching at the commencement, which becomes sympodial 
with further development, a right and left limb of the bifurcation being alternately 
weaker in its growth, and forming the lateral pinnae; while the branches, the growth 
of which is favoured, form the rachis of the leaf or of the branch of a leaf 1 . 

1 It must be observer] here also that Ilofmcister applies the teim ‘dichotomy’ in a much wider 
sense than is usually done. New examinations of a large number of species are greatly to Ik* desired. 
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The Formation of Adventitious Buds 1 which do not result fhom the terminal 
branching of the stem, is, in Ferns, connected with the leaves. These buds make 
their appearance on the leaf-stalk or on the lamina itself. The shoots of Pteris 
aquilina which spring from the leaf-stalk (Fig. 301) stand at the back of the 
individual leaf-stalks near the base; in Aspidium Filix-mas (Fig. 302) they arise 
at a moderate height above the insertion, usually on one of the lateral edges of the 
leaf-stalk. In both cases Ilofmeister states that they are formed on the young 
leaf-stalk even before the first appearance of its lamina, and before the differentiation 
of its tissue. A single superficial cell of the leaf stalk is the mother-cell of the new 
shoot; and as the surrounding tissue of the leaf-stalk grows like a wall around them, 
they may, as in Pteris , be placed in a deep depression, where they sometimes remain 
dormant for a long period. Even when the leaf has long died away, the leaf-stalk 
still remains succulent up to the bud, and filled with food-materials; and in 
Aspidium Filix-mas vigorous stems are not unfrequently found with a number of 
leaves at their posterior end still attached to the leaf-stalk of an older stem. In 
some cases, as in Struthioptcris germanica , the buds produced on the leaf-stalks 
develope into long underground stolons furnished with scale-leaves, which become 
erect at the end and unfold a crown of foliage-leaves above ground. In Nephro- 
lepis nndulata they swell at the end into tubers. Adventitious buds spring from the 
lamina, especially in many species of Asptenium ; in A. furcatum , e.g., often in large 
numbeis from the middle of the upper surface of the pinnae; in A. dnussalum from 
the base of the pinnae (or axillary on the mid-rib?). Ceratoptcris thalictroides not unfre- 
quently produces buds in the axils of all the divisions of the leaves, which, especially 
when the detached leaf is laid upon damp ground, develope rapidly, and grow into 
vigorous plants. According to Hofmeistcr, these buds also spring from superficial 
cells of the leaf. The long pendulous leaves of some Ferns touch the ground with 
their apices, root, and sometimes also put out new shoots from these points (e.g. 
C iny sodium Jlagcllifer uni , Woodwardia radicans , See.). 

The Boots . During its growth the stem is usually constantly forming new roots 
in acropetal succession, which, in the creeping species, become at once fixed to the 
substratum. [As a rule they are developed quite endogenously, but in Ceratopteris 
thalictroides , according to Ivny, they arise from cells immediately beneath the 
epidermis. According to Conwentz, a distinct relation can usually be observed 
between the number of the roots and that of the leaves.] In Pteris aquilina the 
new roots appear close behind the apex, and, both in this species and in Aspidium 
Fi/ix-mas, they also proceed from the adventitious buds of the leaf-stalk while 
still very young. It has already been mentioned that, in the last-named species, 
when the mature stem is completely covered by leaf-stalks, all the roots spring 
from them and not from the stem. In Tree-ferns especially the lower part of 
the erect stem is entirely covered by slender roots, which grow downwards, forming 
an envelope several inches thick before they penetrate the soil, and thus give a 

both in reference to the formation of leaves and to the terminal branching of the stem. [According 
to Sadebeck, the pinna* are developed as lateral outgrowths, but the branching of the veins is the 
result of the dichotomy of the maiginal cells; see suprat] 

1 [On the development of these adventitious buds, see Ileimicher, Sitzber. d. Wien. Akad. 1878 
and 1881.] 
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broad base to the stem although it is there really much more slender; but in the 
upper part there are also a great many roots. In small plants they are very slender; 
on large plants they attain a diameter of from i to 3 nun. ; they are cylindrical, 
generally covered with a number of root-hairs which form a kind of felt, and are 
of a brown or black colour. The history of the growth of Fern-roots has been 
studied by Nageli and Leitgeb 1 . The apical cell is a three-sided pyramid, with 
a convex equilateral base. The segments or layers of the root-cap, detached by 
convex septa parallel to the base, first divide into four cells placed crosswise, 
and the walls which effect this division alternate in successive layers by about 
45°; each of the four cells of a layer then splits up into two external and one 
internal (central one), so that the layer is now formed of four internal cells 
arranged in a cross, and of eight external cells. Further divisions may then 
follow ; the central cells of the layer grow more quickly in an axial direction, 
and may become divided by transverse septa, by which the layer is made to 
consist of two or more strata in the middle. The formation of a layer of the 
root-cap is generally followed by that of three root-segments before a further 
new layer is formed; these segments, corresponding to the faces of the three- 
sided apical cell, lie in three straight longitudinal rows. Each of these tri- 
angular tabular segments includes a third of the circumference of the root, and 
is first divided by a radial longitudinal wall into two unequal portions. The trans- 
verse section of the root now shows six cells, three of which meet in the centre, 
while the other three do not reach quite so far. Each of these six cells is then 
divided by a tangential wall (parallel to the surface) into an inner and an outer 
cell; the inner ones form the fibro-vascular bundle, while the six outer cells form 
the rudiment of the cortex. If the root becomes thick, the six cortical cells 
divide by radial walls : if it remains slender, this division does not take place. 
The six or twelve cortical cells are now divided by a tangential longitudinal wall, 
and the fibro-vascular bundle is enclosed by two layers of cells, the outer of 
which forms the epidermis, the inner the fundamental tissue of the cortex (see 
Book I, p. 144). 

The roots of Ferns, like those of Equisetaccae, branch monopodially, and 
the lateral roots arise on the outer side of the primordial fibro-vascular bundles 
in acropetal succession, usually in two rows, but occasionally in three or four. 
The cells from which the lateral roots spring belong to the most internal layer 
of the cortical parenchyma (bundle-sheath), and are opposite to the xylem-bundles : 
they are separated from the fibro-vascular bundles of the parent root by the 
pericambium. The rudiments of the roots make their appearance near to the 
growing-point before the vessels are formed. Adventitious lateral roots, arising 
behind those which already exist, do not occur. The three-sided pyramidal apical 
cell is formed in the mother-cell of a lateral root by three oblique septa, and then 
the first root-cap is produced from it. If two primordial fibro-vascular bundles 
are developed in the lateral root, they lie right and left with reference to the 

1 Sitzungsber. der bayr. Akad. dcr Wiss. Dec. 15, 1865. Compare with what follows the 
diagram of a root given under the Equisctacere, which selves in the main also for Ferns and 
Rhizocarps; also p. 144. [See also Conwentz, licit. 2. Kennt. des Stammskelets einhcimischer 
Fame, Hot. Zeit. 1875.] 
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parent root. The cortex of the parent root is simply broken through, no root-sheath 
being formed. 

The Trichomes of Ferns assume a great variety of forms. True root-hairs, 
simple unarticuiated tubes, arise, not only on the roots themselves, but also on 
underground stems and on the bases of leaf-stalks (as in 
Pier is aquilina and Hymenophyllacese). On aerial creeping 
stems and on the leaf-stalks the numerous usually brownish 
or dark-brown flat multicellular hairs, the Paine or Ramenta , 
occur, soon becoming dry, often entirely enclosing the buds, 
and attaining a length of from i to 6 cm. (as in Poly- 
podium, Cibotium , &e.). Long strong bristles are sometimes 
found on the lamina (in Acrostichum cr ini turn), and very often 
fine, delicate, articulated hairs. They are formed from single 
superficial cells at the growing-point. 

The Sporangia of Ferns are small rounded capsules, which 
are borne on long stalks in the Polvpodiacex* and Cyatheaccre, 
but which are sessile in other Ferns. The wall of the sporan- 
gium, when mature, consists of but a single layer of cells. A 
ring of cells belonging to the wall of the capsule and running 
across it transversely or obliquely or lengthwise is generally developed in a peculiar 
manner, and is then termed the Annulus. By its contraction when dried up the 
capsule bursts at right angles to the plane of the annulus. Sometimes, instead 
of the annulus, a terminal or lateral group of the cells of the wall of the capsule 
is developed in a similar manner. 

The sporangia are generally combined into groups, each group being termed a 
Sot us; the sorus contains either a small definite number or a large indefinite 
number of sporangia, and among them also very commonly some slender articu- 
lated hairs, the Paraphyses . The whole sorus is very generally covered by an 
excrescence of the epidermis, the true Indusium 1 .* in other cases the indusium 
consists of an outgrowth of the tissue of the leaf itself, and is then composed of 
several layers, and even has stomata ; or the covering of the sorus is simply the 
result of the margin of the leaf being recurved or rolled over it : in these cases the 
indusium is said to be false. In Lygodium each separate sporangium is covered by a 
pocket-shaped growth of the tissue of the leaf like a bract. Sori are not usually 
formed uyon all the leaves of the mature plant; sometimes groups of fertile and 
sterile leaves alternate in regular succession, as in Stru/hiopleris germanica . In some 
cases the sori are uniformly distributed over the whole of the lamina, in others they 
are connected with definite portions of it. The fertile leaves may be in other 
respec ts like the sterile ones, or they may be strikingly different from them ; and 
this difference is not unfrequently occasioned by the partial or entire failure of deve- 
lopment of the mesophyll between and near the fertile veins ; the fertile leaf, or the 
fertile part of the leaf, then appears like a spike or panicle furnished with sporangia 
v* 8* Osmunda , Anemia). The sporangia generally arise from the epidermis of the 

1 [On the development of the indusium, sec Prantl, Die Ilymenophyllaceen, 1875, and die 
Schizneaceen, 1881 ; lhuck, Over de imtwikkelinpsgcschidenis van het indusium der Varens. 
Haarlem 1874.] 
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veins of the leaf, and especially on the under side of the lamina ; but in the Acro- 
stichacex they spring both from the veins and from the mesophyll ; in Ol/ersta they 
cover both surfaces of the leaf at the sides of the mid-rib, or in Acrostichum only the 
under side. When, as is usually the case, the veins are the only parts that bear the 
sporangia, the fertile veins may be like the sterile ones, or they may undergo a variety 
of changes at the spots where they bear the sori ; they may be swollen into a cushion 
(forming a placenta), or they may project beyond the margin of the leaf, as in the 
Hymenophyilacex. The sorus may be seated on the end of a vein, which then 
frequently puts out two branches in the angle of which is placed the sorus, or it may 
be formed upon the vein and behind its end ; or the sorus may run for a consider- 
able distance by the side of the vein. Sometimes the fertile veins run close to the 
margin of the leaf, in other cases close to the mid-rib of the lamina. 

The Development of the Sporangium 1 is accurately known only in the Poly- 
podiacca? ; it arises there from a papillose outgrowdi of one of the epidermal cells 



Flu jot.— . / \puiutin Filtx tna\. . / transverse sm ti<m of n leaf with a snni*. ( (insisting of the sporangia s ami the 
indusium * i; right ami left in the m< snphyll o! the leaf are two small fihr<>-v,is< ular bundles, tin. sheath of which shows 
the dark brown tlm killings on the walls that fare inwards ft a young sporangium, its annulus standing vertically to 
the plane of the paper, r us apical tell ; in the interior four cells are seen resulting from the division of the central cell ; 
< lateral view of a lu aily ripe sporangium, rr its annulus, H the stalked gland peculiar to this species ; within the sporan- 
gium are seen the young s|>orcs already formed. 


from which the sorus originates. Reess has shown that before the formation of 
the sporangium the epidermal cell concerned has been already divided cross-wise ; 
the papilla is cut off by a septum, another septum arising, after further elongation, 
in the mother-cell of the sporangium thus formed ; the lower cell forms the pedicel, 
the upper cell the capsule of the sporangium. The pedicel is usually transformed, 


1 When the first sporangia arc ripening, all stages of development of the younger ones may 
be found in the same sorus side by side. [The following are the more important works on the 
subject : Reess, Zur Entwickelungsgcschicbte des Polypodiaccen-Sporangiums, Jahrb. f. wiss. Bot. 
V, and Bot. Zeit. 1867. — Tschistiakoff, Die Sporangicn und Sjmrcn der Polypodiaccen, Nuov. Giorn. 
bot. Ital. VI. — Russpw, Vergl. Unters. Petersburg 1872. — Fischer von Waldheim, Ueb. die Ent- 
wickelung der Famsporen, Jahrb. f. wiss. Bot. IV.— Kny, Ueb. Ceratopteris fhalictroides , Bot. Zeit. 
1874. — Prantl, Die Hymcnophyllaceen, 1875, and Die Schizxaceen, 1881.] 
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by intercalary transverse divisions and longitudinal walls, into three rows of cells; 
the nearly hemispherical mother-cell of the capsule is next transformed, by four 
successive oblique divisions, into four plano-convex parietal cells and a tetrahedral 
inner cell (archesporium) ; in the former further divisions follow perpendicular to 
the surface, while the inner cell again forms 
four tabular segments which are parallel to 
the outer parietal cells and which constitute 
the tapetum. Tnese inner parietal cells also 
divide perpendicularly to the surface of the 
capsule, and may form two layers. The cells 
of the outer parietal layer from which the 
annulus is to be formed are further divided 
by parallel walls perpendicular to the surface 
of the sporangium and to the median line of 
the annulus, until the prescribed number of 
cells of the annulus is reached ; these cells 
then project above the surface of the capsule. 

While the tetrahedral central cell is now pro- 
ducing the mother-cells of the spores by suc- 
cessive bipartitions, the cells of the tapetum 
are absorbed, and the cavity of the sporan- 
gium is considerably enlarged by this means 
and by the superficial growth of the outer 
parietal layer ; so that the mass of mother- 
cells (according to Russow there are usually 
sixteen) floats entirely free in the fluid that 
fills the sporangium (Fig. 304). 

But little is known concerning the de- 
velopment of the sporangia in other families 
of Ferns. According to Russow and Prantl 

, > > _ mum 7 1 whoittancs ; the order of sulci 

it takes place in Ahophila (Cyatheaceae) in the lctu-rs *-»; m » the annulus r is 

v ’ figures arc sren in optical longitudinal s 

the same way as in the Polypodiaceae, whilst nuius ispcrpemikuiaru- nic plane of the paper r\ 5 s"). 
in Anemia and Mohria (Schizceacege), accord- 
ing to their figures and descriptions, each sporangium arises, before the differen- 
tiation of the epidermis, from a single cell. Probably the sporangia of the 
Osmundacece originate in the same way as those of the Schizaeaceae. In both 
families a much larger number of spore- mother-cells is formed in the sporangium 
than is the case in the Polypodiaccse, and this fact also recalls the Ophioglosscac 
and the Marattiaceae. 

Each spore-mother-cell is, in Aspidium Filix-mas (Fig. 306, /), provided with 
an evident nucleus ; in consequence of its division, two new large clear nuclei 
arise (///), between which an evident line of separation is sometimes to be seen. 
After the division of these nuclei, four new smaller nuclei appear (/F), the 
mother-cell splitting up into four spore-cells (I 7 ), the relative position of which 
varies (as is shown in Figs. F/, VJJ, and VJJI). The spore now becomes clothed 
with its cell-wall, which is differentiated into an endospore consisting of cellulose 
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and a cuticularised brown cxospore furnished with ridges (/A”), and chlorophyll 
is formed within the spore. 

In various other Polypodiaceae, according to Russow, the course of the de- 
velopment of the spores is in so far different, that the mother-cell, as occurs also 
in the formation of the pollen in Phanerogams, divides into four thick-walled 
cells, the so-called special mother-cells ; the protoplasm of each of these then 
forms around itself a permanent coat, and the walls of the mother-cell undergo 
absorption. Spores of the shape indicated in Fig. 306 are said to be bilateral 
in contradistinction to those which have been formed from a mother-cell in 
which the four nuclei were placed tetrahed rally, and which have therefore a 
rounded tetrahedral form. In the I lymcnophyllacea*, Osmundaceae, and Cyatheaccai 
the latter only occur, in the other families sometimes the one kind and some- 
times the other. 

The spores of many Polypodiacex are distinguished by the long period 
during which they retain their power of germination, and by the slowness of this 
process; those of Hymenophyllaccie often begin to germinate while still in the 
sporangium. 



(a) Histology’'. With reference to the Epidermis , attention has been directed on p. 105 
to the peculiar mode of development of the stomata in many cases. It may also be 
mentioned that the epidermal cells usually contain chlorophyll-granules. 

The Fundamental Tissue of the stem and of the leaf-stalks consists, in some species 
(as Polypodium aureum and vulgar e y and Aspidium Filix-mas) t entirely of thin-walled 
parenchyma; in others (as Gleicbenia , species of Pteris, and Tree-ferns), string-like, 
ribbon-shaped, or filiform portions of the fundamental tissue become differentiated, the 
cells of which undergo great thickening, and become brown-walled, hard, and prosen- 
chymatous, forming sclercnchyma. In the stem of Pteris aquilina (Fig. 307, A) two 
thick hands of sclercnchyma of this description (pr) lie between the inner and outer 
fibro- vascular bundles, and fine threads of sclcrenchyma appear on the transverse section 
of the colourless parenchyma as dark points. In other cases (as in Polypodium vaccina - 
folium and in Tree-ferns), dark layers of sclercnchyma, the nature of which was in 
these cases first correctly recognised by H. von Mohl, form sheaths round the fibro- 
vascular bundles, to which the erect stem more especially owes its firmness. The outer 
layer of the fundamental tissue of thicker stems and leaf-stalks lying beneath the epi- 
dermis is often dark brown and sclerenchyrnatous, forming a hard firm sheath, as again, 
for instance, in Pteris aquilina (Fig. 307, A, r) and Tree-ferns. In order to facilitate, 
in spite of this firm coat, the communication of the outer air with the inner parenchyma 

[ 1 ;oi further details sec de limy, \ erglciehendc Anatomic dcr Phancrogamen und Fame, 1877.] 
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which is rich in assimilated food-materials, it is, in Pterh aquilina , interrupted along 
two lateral lines, where the colourless parenchyma rises to the surface. In Tree-ferns, 
on the other hand, according to H. von Mohl, depressed cavities appear on the enlarged 
base of the rachis of the leaf, where the sclerenchyma is replaced by a loose and pul- 
verulent tissue. 

It may be mentioned here in addition, as an isolated histological peculiarity, that in 
Aspidium Filix-mas , according to Schacht, roundish stalked glands occur in the funda- 
mental tissue of the stern, which I. have also noticed in the green parenchyma of the 
leaves, and on the pedicels of the sporangia of the same Fern (Fig. 304, C, d). 

The lamina of the leaf consists in Hymenophyllaccae only of a single layer of cells, 
as in Mosses; in all other Ferns it is formed of several layers. Between the upper and 
under epidermis lies a spongy parenchyma containing chlorophyll, the mesophyll, pene- 
trated by the fibro-vascular bundles which form the venation of the leaf. The course 



M(». y>/. — f'ttris iti/uiinui , -/ tr.nisvi-rM* mi turn 
«>f t lie* stern, r its brown sheath (the layer of scleren- 
< liym.i beneath the epidermis). / the soft colmuless 
parenchyma of the fundamental tts.ue , **• inner libro- 
vascular bundles ; aq upper broad outer bundle ; /» 
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Mr.. {nS. A ipt.irter of the transverse seilum of a fibro-vasuilar 
bundle from the stem of Pter/\ aqniltna, with the adjjai ent parenchyma 
P containing starch, s? the bundle-sheath, b the layer of bast-fibres, 
s f the large sieve-tubes, g g the Urge vessels of the xylem thickened in a 
St alnriforiu manner, S a spiral vessel surrounded by cells containing 
starch ( - 3uo). 


of the veins is very various; sometimes they run branching dichotomously at acute 
angles, or spreading like a fan upwards and sideways, without anastomosing and without 
forming a mid-rib ; more often the undivided lamina, or a division of the lobed, incised, 
or pinnate leaf, is penetrated by a distinct median vein though but slightly projecting, 
from which spring more slender branches, which themselves again ramify dichotomously 
or apparently monopodially, and run to the margins. The liner veins frequently anasto- 
mose like those of the leaves of most Dicotyledons, and divide the surface into areolae 
of characteristic appearance. 

The Fibro-vascular Bundles of Ferns are closed; they consist of a mass of xylem, 
completely enveloped by a layer of phloem. Besides a few narrow spiral vessels, lying 
at certa'n definite points in the transverse section, the xylem consists of vessels with 
bordered pits which usually resemble transverse clefts (scalariform vessels), their ends 
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being mostly obliquely truncated, or fusiform and pointed. Between the vessels lie 
narrow thin- walled cells, which contain starch in winter. The phloem, in addition to 
cells similar to those last named, contains wide sieve-tubes or latticed cells, and at the 
circumference narrow, bast-like, thick-walled fibres. The whole bundle is usually en- 
closed by a distinct sheath of narrower cells (vascular bundle sheath) ; the latter often, 
but not always, is invested by a layer of brown sclerenchymatous cells, the walls of 
which arc very much thickened either, as in Platycerinm , on that side which is next 
the bundle, or, as in Blcchnum brasiliense , on that side which is most distant from it. 
This layer is easily mistaken for the bundle-sheath itself. A single layer or several 
layers of cells may often be found at the periphery of the phloem lying just inside the 
true bundle-sheath. Russow regards this structure as belonging, like the bundle-sheath, 
to the ground tissue, and he terms it the phloem-sheath. Such a phloem-sheath is repre- 
sented in Fig. 308 as a layer of cells containing starch lying between and b . 

The fibro- vascular bundles are single and axial in very slender filiform stems, as in 
those of H ymenophyllaccae, and in the young plants of larger species. When the stems 
of the Matter become thicker with increase of growth, a network of anastomosing bundles 
is formed in place of the axial bundle, presenting, in typical cases, a wide-meshed hollow 
cylinder, by which the fundamental tissue of the stern is separated into an outer cortical 
layer and an inner medullary portion (Fig. 302, A and R). Not unfrequently, however, 
isolated bundles also arise in addition ; thus in Pteris aquiltna two strong broad cauline 
bundles are formed within the medullary portion (Fig. 302, A, ig), and in Tree-ferns 
a number of filiform bundles are scattered through it which enter into the leaf-stalk 
through the meshes of the primary bundle, The primary bundles which form the cylin- 
drical network already mentioned are mostly ribbon-shaped, broad, and, in the case of 
'Free- ferns, commonly have their margins curved outwards, so that they with their 
thick, firm, brown sheaths of sclerenchyma occupy most of the circumference of the 
stem. From these margins spring the more slender filiform bundles which enter the 
leaf-stalk, and are more numerous in proportion to its thickness. These may also 
coalesce laterally into plates of different forms, or may run separately side by side. The 
leaf-stalk always corresponds to an opening of the meshes of the cylinder of the primary 
bundle. The thick bundles which run through the stem appear to be all cauline. Hof- 
incister found in Pteris aquilinn 1 that they exhibit the same distribution on the leatless 
elongated ends of the stem as on its leafy parts, a proof that the distribution does not 
depend on the leaves, as in Phanerogams. The end of the bundle may even be followed 
up to near the apical cell of the stem, in places where the nearest leaf-stalks have not 
yet begun to form bundles. 

(b) Taxonomy. The Ferns may be classified as follows: — 

Family 1. Osmundace®. In Osmunda the fructification is paniculate, the sporangia 
being borne on the 1 acini a* of leaves the mcsophyll of which is not developed. In Todea 
the fertile leaves resemble the sterile ones. The shortly-stalked, unsymmctrically- 
rounded sporangia are furnished on one side of the apex with a group of peculiarly- 
formed cells, and they split open longitudinally on the other side. The stem, which 
is densely covered with roots, throws out lateral shoots resembling itself. 

Family 2. Schiz®ace© 1 2 . Except in Mohria , where the sporangia lie on the under 
surface of the leaf near the margin which is incurved over them, the laciniae bearing 
the sporangia arc arranged in spikes or p.inides. In Schizwa and Lygodium the sporangia 
are arranged in two rows upon the under surface of a very much contracted lacinia, 
each sporangium of Lygodium being invested by a sac-like indusiutn. In Antimia the 
two lowest branches of the lamina have no mcsophyll, and form stalked panicles on the 


1 I found a stem of Pteris aquilina in which the two internal cauline bundles had coalesced 
laterally so as to form a hollow T cylinder enclosing one pari of the paienchymatous ground-tissue as 
a medulla. 

2 tPrantl, Die Schiza’accen, r88i.] 
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ultimate branches of which the sporangia are developed as if they were metamorphosed 
laciniae. The ovoid or pear-shaped sporangia are sessile, the apex of each being occu- 
pied by a cap-like zone of peculiarly-formed cells. The dehiscence is longitudinal. The 
stem (also in Lygodium) does not branch much, and is but feebly developed. A single 
fibro-vascular bundle traverses the petiole. The leaves of Lygodium resemble twining 
stems. 

Family 3. Gleioheniaceee. The sessile sporangia are borne upon the dorsal surface 
of ordinary leaves. They form sori of usually three or four sporangia, and no indusium 
is developed. The sporangium has a complete transverse annulus, and longitudinal 
dehiscence. The stem is a thin, creeping rhizome. The lamina of the leaf is remark- 
able for its innovation. 

Family 4. Hymendphyllace® \ The sporangia have an oblique or transverse 
complete annulus; and therefore burst with a longitudinal slit; they are formed on 
a prolongation of the fertile vein (the Columella ), projecting beyond the margin of the 
leaf, which is surrounded by a cup-shaped indusium. The mesophyll of the leaves 
usually consists of a single layer of cells, and is then necessarily destitute of stomata, 
which do however occur in Loxsoma on the leaf, which then consists of several layers. 
The stem is generally creeping and mostly very slender, and furnished with an axial 
fibro-vascular bundle. True roots are not present in all the species; where they 
arc absent, the stem itself is clothed with root-hairs: a large number of species 
of Trichomanes are described by Mettcnius as rootless, and in these cases branches 
of the stem assume a deceptive root-like appearance. The development of the axes 
precedes by a long space that of the leaves; several internodes have usually completely 
ended their growth while the leaves belonging to them are still very small; and these 
apparently (or actually?) leafless shoots often branch further to a great extent. The 
formation of the tissue of these families shows also many peculiarities, concerning which 
reference must be made to Mettcnius (Hymenophyllacea;, /. r.). The fertile end of the 
veins of the leaf projecting beyond its margin, the columella, elongates by intercalary 
growth, and the newly-formed sporangia are, in a corresponding manner, produced in 
basipetal succession. They are arranged in a spiral line on the columella. The almost 
sessile sporangia are biconvex, and are attached to the columella by one of their convex 
surfaces. The annulus projecting in the form of a cushion which separates the two 
convexities is usually oblique, and divides the circumference into two unequal portions. 
In Loxsoma the sporangia are pear-shaped and distinctly stalked. Paraphyses occur only 
in a few species of Hymenophyllum . 

Family 5. Cyatneace®. The sporangia are shoitly stalked and have a complete, 
oblique, eccentric annulus. They arc borne upon a strongly-developed placenta 
forming a closely-packed sorus, which is either naked or invested by an indusium, which 
may be cup-shaped or completely encloses it. The genera Cibotium , Balantium , Alsophila , 
Hemitclia , and Cyathea include the so-called Tree-ferns, with a lofty, erect, unbranched 
stem, often thickly covered with roots, bearing at its apex a rosette of large usually 
compound] v pinnate leaves. 

Family 6. Polyp odiace®. The sporangia are borne in great numbers on the under 
surface of usually unmodified leaves. They have a vertical incomplete ring, and they 
dehisce transversely. The following subdivisions of this family, which contains the largest 
number of species of any, may be distinguished : — 

(a) Acrosticheiv. . The sori cover the surface and veins of the under side or of both 
sides, or are placed upon a thickened placenta which stands on the vein. There is 
no indusium. ( Acrostichum , Polybotrya.) 

(b) Polypodies. The sori are rounded or linear, and terminal or lateral on the veins. 
They are naked. The leal -stalk is either articulated to the stem (. Polypodium ), or is not 
{P beg op tens.) 


[Frantl, The Ilymenophyllacccn, 1875.] 
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(c) Asp l enter. The sori are unilateral on the course of the veins, and are covered 
by a lateral indusiutn, or rarely without any ; or they extend at their apex over the 
back of the veins, and are covered by an indusium springing from it ; or they occupy 
special anastomosing branches of the veins, and are unilateral and covered by an indusium 
free on the side of the vein. ( Asplenium , Scolopendrium.) 

(d) Aspi(Ue:t\ The sori are dorsal on the veins, covered with an indusium, or ter- 
minal and without indusium. (Aspidium.) 

(e) Duval Her . The sori are terminal on a vein or at a fork, and are furnished with 
an indusium ; or are placed on an intramarginal anastomosing bend of the veins, and 
covered with a cup-shaped indusium, free at the outer margin. ( Davallia , Nephrolepis.) 

(f) P tender. The sori are continuous along the margin of the leaf, and are covered 
by a false indusium. ( Pteris , Adiantum , Blecbnnm.) 


Order III. Riuzocarpjgf. 1 . 

fi ie Sexual Generation (Oophore) of Rhizocarps is developed from spores 
of two different kinds ; the smaller spores (microspores) produce antherozoids, 
and are therefore male ; the larger spores ( macrospores ), which exceed the smaller 
kind several hundred times in size, produce a small prothallium, which never 
separates from them, and forms one or several archegonia; the macrospores may 
therefore be considered to be female. 

The development of the antherozoids is preceded by the formation of a very 
rudimentary Male Prothall ium . In the genus Sa/vinia the microspores lie imbedded 
in a mass of granular hardened mucilage (as they do also in Azo/fa , in w hich plant 
their germination is not known), which fills up the w hole of the rnicrosporangium ; 
they do not escape, but the endospore of each of them grows out into a tube 
which pierces the mucilage and the w all of the sporangium and forms a septum at 
its curved end (Fig. 309, A and B). The terminal cell of the tube thus produced 
is again divided by an oblique wall, after which the protoplasm contracts in the two 
cells (which Pringsheim together calls the antheridium), and splits up by repeated 
bipartition into four roundish primordial cells, each of which forms an antherozoid. 
In addition a small portion of the contents remains inactive in each of the two 
cells. The antheridial cells burst by transverse slits to allow the escape of the 
antherozoids. The spirally-coiled antherozoid is still enclosed for a time in its 

1 G. W. Bischofif, Die Khizocarpeen 11. Lycopodia ccen (Nurnberg 1828). — Hofmeister, Verplcich. 
Uiitersuch. 1851, p. 103. — [On the Germination, Development, and Fructification of the Higher 
Cryptogams, Kay Soc. 1R62, pp. 318-335.} Ditto, Ueber die Keimung der Salvinia nutans (Abhand. 
dcr konigl. Sachs. Gesdlsch. der Wissensch. 1857, p. 665).— Pringsheim, Zur Morphologic der 6V1Z- 
vinia nutans (Jahrb. fiir wissensch. Dot. vol. 111 . 1863).- J. Hanstein, Ueber eine neuhollandische 
Marsilia (Monalsher. der Berliner Akad. 1862, Ann. des Sci. Nat. 4th series, vol. XX, 1863, pp. 149- 
166).— Ditto, Befruchtung u. Lntwiekehmg der Gattung Marsilia Jahrb. fiir W'issensch. Hot. vol. IV, 
1865).- Ditto, Pi lul arise globuliferoc generatio, cum Marsilia comparata (Bonn 1866). — Niigeli u. 
Leitgeb, Ueber Kntstchimg u. Wachsthum der Wurziln bei den Gefiisskryptogamen (Berichte der 
bayer. Akad. dcr Wissensch. 1866, Dec. 15, and Nageli’s Beitiiige zair wissensch. Dot. vol. IV. 1867). 
— Millardet, Le Prothallium male des Cryptogames vasculaires (Strasbourg 1869). — A. Braun, 
Ueber Marsilia u. Pilularia (Monatsber. dcr konigl. Akad. der Wissensch. Berlin, Aug. 1870).— 
E. Kussow, Histologie u. Entwickelung dcr Sporenfruchl von Marsilia (Dorpat 1871). — Strasburger, 
Ueber Azalia (Jena 1873).— Juranyi, fiber die Entwickelung der Sporangicn und Sporen von Salvinia 
natntis (Berlin 1873). — [Arcangeli, Sulla Pilularia glohulifera e sulla Salvinia nutans; Nuov. Giortt. 
Dot. Ital. 1876.] 
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mother-cell (Fig. 309, D). In Marsilia and Pilularia the antherozoids are pro- 
duced in much the same manner; the protoplasmic contents of the microspore 
divide into three cells: when the exospore bursts, the endospore protrudes containing 
these three cells, of which one is sterile (rudimentary prothallium) and the other 
two produce antherozoids: within each of these two cells divisions take place so 
that a number of tetrahedrally-arranged primordial cells are formed which become 
surrounded with thin cell-walls, and are the mother-cells of the antherozoids. As 
in Ferns, we find also in Rhizocarps only a portion of the contents of the 
mother-cell applied to the formation of the antherozoid. According to Millardet, 



In. \nlututn ttaMHt ; ,4 an onliro nnnospn 
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(X about ii«>) , A' one of these tubes »/ protruding from tin 
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;io —Maru/ta Safoatnx: .4 inacrospore */ with Its episporc si and the apical papUIn projecting into its funnel : in 
is a broad yellowish drop, sj? the ruptured wall of the marrosporanginm (x about Y<) H a microsporc burst after 
of the antherozoids; ev the exospore, rf/ the protruding eiulospctre containing granules, £, z the spiral anthero- 
hcir vesicles containing starch-grains. The eptspore of the miirospore i^n-* longer in existence (X 550). (The 
rloos not show the regular arrangement of the protuberances, which is indicated erroneously in the figure.) 


this portion assumes the form of a roundish turbid mass consisting of protoplasm 
and starch-granules, which, during the formation of the antherozoids, becomes 
gradually clearer, and, wdien the latter escape from the mother-cell, forms a 
vesicle consisting of the unused protoplasm and the starch-granules lying in it. In 
Pilularia, where the antherozoid is a thread coiled four or five times, this vesicle 
remains attached to the mother-cell. In Marsilia , on the contrary, it adheres to 
the posterior coils of the corkscrew-like antherozoid, which is coiled 12 or 13 times; 
and is often carried about with it for a considerable time by its swarming motion, 
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but finally becomes detached. When the antherozoids are formed in their mother- 
cells, the exospore bursts at the apex, the endospore swells up as a hyaline bladder, 
which finally bursts and allows the escape of the antherozoids (Fig. 310, 

The Female Prothallium is formed within the apical papilla of the macrospore 
from a small part of its protoplasm, and only partially emerges at a later period 
from the spore-cavity, but remains united with the latter, closing it by its basal 
surface, for the purpose of using up the food-materials (starch-grains, fatty oil, 
and albuminous substances) which are stored up there. The separate stages in 
the first formation of the prothallium are still in many respects not clear ; but it is 
certain that it arises from a collection of protoplasm in the cavity of the papilla; 
this protoplasm immediately breaks up into several cells, which, according to 
llanstein in Marsilia and Pilularia 1 and according to Juranyi in Salvinia , become 
clothed only at a later period with cell- walls and thus form a tissue. The further 



r tr, -pj .—Salt turn ua(n*t\ (alter J'rmfcslu im) A Ii nKitndm.d mi turn thn it): h the mm n.t|»i.n . j r< .thallium, and < mbryo 
In the uicdun line <>f the |>r< •thallium [j- about /<•), <1 wall of the sjmh. indium, /■ ci'isjx'rr, < j.idjnr wall of thr sjmru, c its 
| roloti^.umn, ti Iht- diaplu<»Km mention*. d above which sejuratf. tin, | •rotltalliuiii from tin sporc-t avity, fit the |iroihalliuin 
alt. ad> broken through by the embryo,/, // its tw- find haves, » tin scutiform leaf; A’ an ..Idcr Mulling with the sport efi 
and proth.illium // (X *-•). n the < anliclc, /• tin stutiform leaf, /, JJ first and second single leaves, L, L* aerial leaves of the 


processes seem to me, according to the statements of Pringshcim, Hanstein, and 
Hofmeister, compared with my own observations on Marsilia Salva/rix , to be 
briefly these:— the tissue of the prothallium is for a certain time completely enclosed 
in the apical papilla of the macrospore, covered above by the epidermal layers 
of the apex of the spore itself, and shut off from the spore-cavity below by a 
wall of cellulose which is stretched across like a diaphragm and is attached at 
the circumference to the endospore. By the further growth of the prothallium 
the epidermal layers of the papilla are ruptured above, the dorsal part of the 
prothallium projects into the funnel-shaped cavity which is left by the absence 
of the thick episporial layer of the macrospore; subsequently the diaphragm 

1 According to Arcangtli {loc. cit.) the prothallium is formed in Pilularia by ccll-di vision.] 
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arches convexly, and the prothallium is thus pushed further outwards. This 
is the present state of our knowledge with respect to the position of the prothallium 
in the macrospore. (Compare the explanations of the figures further on.) 

The prothallium of Salvinia na/ans attains a much more considerable size than 
that of the two other genera already mentioned; it contains abundance of chlo- 
rophyll, and forms a number (which may even be large) of archegonia in definite 
positions. After it has broken through the membrane of the papilla, it appears, 
seen from above, as three-sided between the three torn lobes of the epispore ; 
one of these sides is anterior; the two posterior sides meet behind at an acute 
angle; a line from this angle to the centre of the anterior side runs above the 
elevated saddle-shaped back of the prothallium, and forms its median line. The 
anterior side projects above the back, and, where it meets the two posterior 


r 
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sides, the two angles grow subsequently into long wing-like prolongations 
hanging down by the sides of the macrospore. The first archegonium makes 
its appearance on the median line of the elevated back immediately behind the 
growing anterior side of the prothallium ; two other archegonia then invariably 
appear right and left of the first, so that they stand in a transveise row parallel 
to the anterior side. If one of these archegonia is fertilised there is an end of 
the growth of the prothallium; but if this does not happen, the prothallium continues 
to grow on its anterior side, and from i to 3 new transverse rows of archegonia 
are produced, each of which contains from 3 to 7. The long oosphere of each 
archegonium lies obliquely in the tissue of the prothallium, so that the outer (neck) 




VASCULAR CRYPTOGAMS. 


446 

end is directed backwards, its inner deeper end facing the anterior margin. At this 
latter point lies at a subsequent period -the apical cell of the embryonal stem. Young 
archegonia have the apex of their central cell covered with four superficial cells 
arranged in the form of a cross ; in each of these latter a wall arises inclined from 
without inwards and downwards, followed in each inner cell by another similar 
partition (Fig. 3 1 2 /, a, b, c). By the succeeding growth these cells are transformed 
into four rows, each consisting of three segments lying one above another, forming 
the neck (//, JJI), the lower of which are termed ‘ closing cells/ the upper pair 
the ‘stigmatic cells’ (///, h). In the meantime a new cell arises at the apex of 
the central cell, which, with its conical point, forces itself between the closing 
cells (/, d, Illy </), and forms the canal-cell, first discovered by Pringsheim; ac- 
cording to Janczewski a small segment is cut off from the upper part of the 
central cell to form the ventral canal-cell, so that here, as in the other Vascular 
Cryptogams, two canal-cells are developed. The two canal-cells become transformed 



I'K .. 314.— Afiirsifhi Safontrix , A ft t In* ptotliallmm projecting through the ruptured membrane r nf tf'c spore* ; x/the 
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into mucilage, which escapes from the canal laid open by the throwing off of the 
stigmatic cells. The large remainder of the central cell (/, //, ///, e) becomes 
the oosphere. After fertilisation has been accomplished, the canal again closes 
by the lateral approximation of the * closing cells.’ 

The prothallium of Marsilia and Pilularia projects as a hemispherical mass of 
tissue from the apical papilla of the macrospore, after it has ruptured the walls 
of the spore at that place (Fig. 314, A, P), and remains buried at the bottom 
of the funnel formed by the epispore of the macrospore. Even at an early period, 
before the rupture, Hanstein asserts that the large central cell may be recognised in 
it, surrounded, in its entire circumference, at least at first, by a single layer of cells, 
so that the prothallium bears originally only a single archegonium. The central 
cell is here also covered by four cells arranged crosswise, which form at the same 
time the apex of the whole prothallium. By a similar process to that which occurs 
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in Salvinia , they form the free neck-portion (which in Marsilia projects only 
slightly, in Pilularia very much) and the ‘ closing cells’ of the archegonium. Above 
the central cell, the protoplasm of which contracts, a small canal-cell is visible, 
according to Hanstein, penetrating between the ‘closing cells/ and behaving as 
in Salvinia . Hanstein was unable to recognise any further cell-formation within 
the central cell, and he concluded that the whole of its protoplasmic body was 
converted into the oosphere ; Janczewski, however, found here also the ventral 
canal-cell which occurs in other Vascular Cryp- 
togams, as a small mass of protoplasm cut off 
from the central cell. After fertilisation the 
layer of tissue of the prothallium surrounding 
the central cell becomes double ; a few chloro- 
phyll granules arise in it, and the outer cells 
grow in Marsilia Salvatrix (Fig. 315) into long 
root-hairs, which are especially luxuriant when 
no fertilisation takes place. In the case of 
Marsilia Sa/valrix the antherozoids collect in 
large numbers at the time of impregnation in 
the funnel above the prothalliuin, and force 
themselves into the neck of the archegonium. 

Development 0/ the Asexual Generation . 

The first processes of division by which, in 
Salvinia , the oospore is transformed, after fer- 
tilisation, into the embryo, have been most ac- 
dirately described by Pringsheim. The first 
division is effected by a wall (basal wall) which 
separates the posterior (hypobasal) half of the 
oospore, above which is the mouth of the 
aichegonium, from the anteiior (epibasal) half, 
which is usually larger; this wall is nearly per- 
pendicular to the median line of the prothallium. 

The two cells are next divided by walls (trans- 
verse) nearly at right angles to the previous 
one. If the angle enclosed by these two walls 
is bisected by a straight line (Fig. 313, A, c , d)> 
this line represents the axis of growth of the 
stem. This is followed by walls (median) at 
right angles to the two former, and thus the 
embryo comes to consist of eight cells, octants 

of a sphere. Of the four epibasal octants, the two upper give rise to the first leaf 
(cotyledon), which, on account of its peculiar form, is known as the ‘ scutiform leaf:’ 
one of the two lower gives rise to hairs, and the other to the apical cell of the stem 
which now lies in front and below (A, v); in this latter walls are now formed 
inclined alternately upwards and downwards, and by this means the two rows of 
segments are formed out of which the structure of the stem of Salvinia is gradually 
developed. In Fig. 313 It are shown, at ///, TV \ V, and 17 , these segment-cells 
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undergoing still further division. The four hypobasal octants give rise to the foot. 
Thus no root is developed at this period, nor is one developed subsequently ; 
Salvinia is absolutely rootless. In order to understand the subsequent processes 
of growth, Fig. 31 1 must be compared with Fig. 313. The growing embryo 
bursts the prothallium; from r r r, in Fig. 313 B, arises the foot (caulicle) of 
the young plant (Fig. 31 1 <z); from s , Fig. 313 B , is formed the scutiform leaf 
(Fig. 31 1 B t li), by the growth of which the terminal bud of the stem becomes 
directed downwards (Fig. 311 A, v). The epibasal part of the embryo faces the 
anterior side, its hypobasal part the posterior side of the prothallium ; its axis of 
growth lies in the same plane with the median line of the latter. 

The first divisions of the embryo of Marsilia Salvalrix agree in all essential 
points, according to Hanstein's observations and my own, with those of Salvinia ; and 
Hanstejn states that this is also the case with Pilularia; but in both these genera the 
rudiment of the first root is visible at an early period. The stem in these genera 
also creeps or floats in a horizontal direction from the first, as in Salvinia, and 
forms a number of roots in acropetal succession. Fig. 314 shows the first divisions 
of the embryo of Marsilia Salralrix . The oospore is divided by a nearly vertical 
basal wall into an anterior (epibasal) larger and a posterior (hypobasal) smaller 
cell: these are divided, as in Salvinia ami in Ferns, by a transverse and by a 
median wall, so dial the embryo consists of eight cells. Of the four epibasal 
octants, one of the two upper ones becomes the apical cell of the stem, whilst 
the other gives rise to the second leaf (cotyledon) ; from the lower two the first 
leaf (cotyledon) is developed. Of the four hypobasal octants, the lower one, which 
is diametrically opposite to the apical cell of the stem, gives rise to the primary 
root, the other octant at the same level becoming suppressed : the two upper 
ones give rise to the foot (Fig 314 E, /). The union between embryo and 
prothallium is brought about by the foot. The apical cell of the stem, Fig. 314 
E, s, thus lies, after the formation of the first three walls, between the anterior 
margins of the first leaf and of the foot. In the stage represented in Fig. 315 
this origin of the first leaf, first root, and foot, may still be recognised from the 
arrangement of the cells. 

The further growth of the three genera, otherwise very different in their habit, 
to which we must add Azalia, although its development has not yet been investigated, 
agrees in maintaining the bilateral structure already manifested in the embryo in 
connection with the decidedly horizontal growth, although, as we shall see, the 
position of the apical cell and of its segments varies. In contrast with Muscineae 
and Equisetaceaj, but in accordance with Ferns, a leaf is not produced in the Rhizo- 
carpex from every segment of the stem ; certain of the segments remain sterile, and 
these then go to the formation of internodes. The leaves grow, as in Ferns and 
Ophioglossacex, basifugally by means of an apical cell which forms two rows of 
alternating segments. Before the development has assumed a constant course, an 
increase of vigour of the young plant takes place, which is shown in the enlarge- 
ment of the leaves and the greater perfection of their forms, as well as in a change 
of their relative positions. But in order to make this clear, it is necessary to 
observe separately Salvinia on the one hand, and the Marsiliaceee {Marsilia and 
Pilularia ) on the other. 
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The embryo of Salvinia , as long as it is enclosed in the prothallium, forms, as 
we have seen, the segments of its apical cell alternately above and below; but when 
the apex of the stem is exposed in consequence of its elongation, a torsion takes 
place to the extent of about qo°, so that the two rows of alternate segments of the 
apical cell lie right and left, a peculiarity which has also been observed by Hof- 
meisler in Pier is aquilina . The first leaf is the scutiform leaf mentioned above, 
which is placed medio-dorsally ; then follow a second and third aerial leaf standing 
singly, after which the definite verticillate arrangement of the leaves at length 
commences at the fourth node ; each whorl thereafter consists of a submerged leaf 
springing on the ventral side (right or left), which at once branches, and forms a 
tuft of long filaments hanging down into the water ; while two other leaves have 
quite fiat lamina? and spring from the dorsal side, touching the water only with their 
under surface (Fig. 319). These three-leaved whorls alternate, and thus form two 
rows of ventral submerged, and four rows of dorsal aerial leaves. Their succession 
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mn). 

in age in the whorl, and the position of the whorls (antidromal among themselves), 
are indicated in Fig. 315 a . The node of the stem which produces a whorl of 
leaves is, as was shown by Pringsheim, formed of a transverse disc of the long 
vegetative cone, which in its length (or height) corresponds to a half-segment, while 
each internode corresponds to the whole height of a segment. Each nodal disc, as 
well as each internode, consists of cells of the right and left row of segments of 
different ages ; in Fig. 315 a an internode is formed of the segment H on the right 
side, of the anterior half of the older segment, ( 7 , and of the posterior half of the 
younger segment, J , on the left side ; the next internode is the product of the whole 
of the left segment, Z, and of the two halves of K and M lying to the right ; the 
intermediate nodal disc which forms the leaves 7 v, Z,, Z a consists, on the other 
hand, of the anterior half of the left older segment J and of the posterior half of the 
right younger segment K ; in the preceding and succeeding node the relationships 
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are the same, right and left being transposed. In each whorl the submerged leaf 
is the oldest, the one further from it of the two a£rial leaves the second; the nearer 
aerial leaf is the last formed. Each leaf arises from a cell of definite position, 
which becomes arched outwards (Fig. 316, //, L iy Z 2 ), and, becoming the apical cell 
of the leaf, forms a row of segments on each side. 

In the genus A zolla y which has been studied by Strasburger, the apical cell 
of the horizontal floating stem which curves upward near its growing end gives 
rise to a right and to a left row of segments, eacli of which is divided by a lateral 
longitudinal wall into a dorsal and a ventral half. Each of these halves is divided 
by a transverse wall into an acroscopic and a basiscopic portion, and each of these 
four cells is further divided into two by an oblique or a vertical longitudinal wall. 
The stem then consists (disregarding the subsequent divisions) of eight longitudinal 
rows of/ cells which have been formed from two rows of segments. The two 
dorsal rows remain sterile and form neither leaves nor buds. The two rows of 
leaves lie right and left on the dorsal aspect, and from the neighbouring rows 



of the ventral half, a little in front of or a little behind the leaves, arise the branches 
of the stem. Finally, the two inferior ventral rows bear the roots, each of which 
arises close to a bud and grows by means of a three-sided apical cell. If the 
leaves marked Z 2 in Fig. 315 a be regarded as the only ones present, the arrange- 
ment of the leaves in Azalia is approximately represented, with reference to which 
the buds and roots arc placed in the manner above described. However, the 
arrangement of the leaves differs from this diagram in so far that, in Azolla , 
the leaves of the one row all arise from one cell of the acroscopic part of the 
segment, whereas those of the other all arise from one cell of the basiscopic 
part, in consequence of the position of the first leaf which always arises on the 
inner side of a branch and is directed towards the parent stem. Between any 
two leaves, which are placed alternately and in two rows, is an internode of the 
length of half a segment, one side of the internode being formed from the basiscopic, 
the other from the acroscopic half of a segment. 

In Manilla the apical cell of the embryo is so placed that dorsal and ventral 
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segments in two rows are at first formed from it by walls inclined upwards and 
downwards ; the dorsal median leaf also proceeds from the first dorsal segment. 
But a different arrangement is soon produced as the plant increases in strength; 
the apical cell of the stem forms segments arranged in three rows with a £ diver- 
gence, and in such a manner that one row of segments comes to lie below (ven- 
trally), while the two other rows form the dorsal side of the stem. The ventral side 
of the stem forms roots in strictly acropetal succession, as in Azolla , the youngest 
being found near the apex of the stem. On the dorsal side of the stem the 




Hu. ^17 — Ant* 4 ! i«»r p.irt of the stem of Afartif/tJ Vl(., tiH.— ta i^iohuh/ei a . A natural size, 1 
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stalks at x 

leaves arise in two alternating rows, some of the dorsal segments remaining at 
the same time sterile and serving for the formation of internodes. The first leaf 
or the young plant, lying in the median line and without a lamina, is followed, 
in the biseriate arrangement which now results, by a number of young leaves with 
a short stalk and a lamina at first entire but afterwards divided into two and 
four lobes ; normal leaves, circinate in their vernation, are then for the first time 
formed with a long stalk and a quaternate lamina. In the processes which have 
now been described, PiltUaria agrees, according to Jlanstein's observations, with 
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Mars ilia, except that all the leaves remain destitute of a lamina (Fig. 318); they 
are long, conical, filiform, and at first rolled up spirally forwards. 

The Branching of Rhizocarps is similar to that of Ferns. Pringsheim states 
that in Salvinia terminal branching never occurs ; new shoots arise, on the contrary, 
exclusively from the basal part of the submerged leaves, each leaf of this description 
forming a shoot on the side which faces the nearer aerial leaf ; every branch pro- 
duces at once a trimerous whorl of leaves. Strasburger, however, considers it 
possible that these branches arise, as in Azalia (see ante), from the stem itself 
close to the leaves. The branching of the Marsiliaceae has been termed by Hanstein 
axillary, a designation with which, however, I am unable to agree. The lateral 
shoots have altogether the appearance of springing from the stem itself near to 
the leaves, but at a later period they appear to be lateral and not axillary to the 
leaves. As to their first origin, which has not yet been accurately ascertained, it 
appears to be most natural to refer to the relative positions of these organs in 
Azolla , where the lateral branches of the stem arise from cells lying anteriorly or 
posteriorly or even dorsally to the origins of the leaves. 

The Growth of the roots of the Marsiliacex* and their monopodial branching 
agree with that of Ferns and Equisctaccse in all important points. It has already 
been mentioned that among the Salviniacece, Salvinia itself is quite destitute of 
roots, and that in Azolla the two ventral rows of cells of the stem give rise to 
roots by the side of the lateral buds. The apical cell of the stem of these plants 
forms segments in two rows, whereas that of the root is a three-sided pyramid 
like that of the Marsiliacex', Ferns, and Equisetacex. A root-shcath is formed, 
according to Strasburger, from the cells of the stem which lie over the endo- 
genous mother-cell of the root of Azolla , which keeps pace with the growth of 
the root and invests it during the whole of its existence. It is still more remarkable 
that the root-cap of Azolla is formed from one single cell. From this cell two 
layers of cells arc derived which grow with the growth of the root and completely 
invest it on all sides. 

The Sporocarps . The formation of the fructification shows even more evi- 
dently than the structure of the vegetative organs, that the two families of the 
Rhizocarpex* present considerable differences in certain particulars, which demand 
separate consideration, as well as an agreement in essential characteristics. 

The Salvimaceic , including the two genera Salvinia and Azolla , occupy with 
respect to their fructification an intermediate position between the Ferns and the 
Marsiliacex*. Their sporangia arc enclosed in unilocular capsules, two or more 
of which occur on the segments of the leaves (Fig. 319 A, B). In Salvinia 
these capsules are borne on the basal segments of the submerged leaves ; in Azolla 
it is the external, downwardly directed segment of the deeply bisected leaf, and 
moreover of the first leaf of each branch, which bears them. The apex of the 
segment of the leaf which is to form the sporocarp grows out into a columella 
(placenta) upon which the sporangia are developed, and at the same time an 
annular wall arises round the base of the columella, and continues to grow until 
it closes over its apex, thus forming the wall of the sporocarp by which the sorus 
is completely enclosed. The sporocarp of the Salviniacex* closely resembles the 
sorus of the I Iymenophyllaccx\ but differs from it in that the indusium of the 
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latter is cup- shaped and therefore open at the apex, whereas the wall of the former 
completely encloses the sorus, as does the indusium of Cyaihea. The sporocarp 
of the Salviniacese is then a sorus, the term being used in the sense in which it is 
applied to the fructification of Ferns, but here the indusium is much more fully 
developed, consisting of two layers of cells, the walls of which, toward the upper 
part of the capsule, become lignified in Azolla. 

Each sporocarp contains either microsporangia or macrosporangia, but both 
kinds of sporocarp occur in the same plant and even upon the same leaf, so 



1' l< . itq — Sahn'nta nutans ; transverse section of a sti ni bearing a whorl of leaves, f aerial leaves, n< submerged leaf with 
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P ttansvorsc section of an aerial leaf, hit hair, of the undei side, ho hairs of the upper side, epidermis, / air cavities, the 
d;uk ones show the vertical walls of the tissue in the background (A’ — /> X 10); F cells of a lamella ol tissue in the leaf; F one of 
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that the plant is monoecious. The microsporangia are contained in Azolla , as 
in Salvtnia , in large numbers within the sporocarp; in Azolla only a single 
macrosporangium is formed in a sporocarp, whereas in Salvinia several macro- 
sporangia are formed. All the spores derived from the mother-cells (16) in a 
microsporangium reach maturity, but only one of the (4x16) spores of a macro- 
sporangium ever becomes ripe, so that in Azolla , where there is but one macro- 
sporangium in a sporocarp, a single macrospore is enclosed by the wall of the 
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sporocarp and by that of the sporangium (which subsequently disappears ?). The 
sporangia are capsules borne on long stalks, the wall of which, when mature, 
consists of a single layer of cells. The macrosporangium is shortly stalked and 
probably arises from the apex of the columella. 

The development of the sporangia in Salvtma has recently been investigated 
by Juranvi. The columella is covered with a layer of radially elongated cells, each 
of which grows out into a papilla and forms the rudiment of a sporangium. The 
papilla is divided by a transverse septum into a lower and an upper cell. The lower 
one undergoes repeated transverse divisions and forms the long, segmented stalk, 
which comes to consist of several rows of cells bv means of longitudinal divisions in 
the case of the maerosporangia only; the upper one assumes a hemispherical form and 
gives rise to the body of the sporangium by means of divisions which are similar to 
those occurring in the Polypodiaceai (see big. 305). A wall is formed consisting 
of a single layer of cells, within which is a single tetrahedral cell, the archesporium. 
From this, four flat segments are cut off which form a layer of cells containing 
much protoplasm surrounding the tetrahedral central cell. The central cell, by 
repeated division, gives rise to the sixteen mother-cells of the spores, and meanwhile 
the layer investing it has undergone division into two layers which together form the 
tape sum. Each of the sixteen mother-cells of the spores then divides into four 
tetrahedrally placet] spore cells. Up to this point the processes are the same in 
both micro and macrosporangia. In the microsporangia all the sixty-four cells 
develope ; they become separate and arc scattered irregularly in the cavity of the 
sporangium. The tapetum becomes disorganised and forms a frothy mucilage, 
which subsequently hardens, in which the spores are enclosed. In the macro- 
sporangia only 011c of the sixty-four rudimentary spores continues to develope ; 
it becomes enormously enlarged so that finally it nearly fills the cavity of the 
sporangium. A large nucleus lies at that end of the macrospore which is directed 
towards the apex of the sporangium. During the growth of the macrospore the 
tapetum, and subsequently all the other undeveloped spores, undergo disorganisation, 
becoming converted into a frothy plasma which is in contact with the outer coat of 
the macrospore, and is especially accumulated at its apex. It is this frothy plasma 
which becomes hardened and forms a thick investment for the mature macrospore, 
termed the Epi spore (Fig. 31 1, J), which splits even during its formation into three 
lobes over the apex of the spore, so as to permit of the subsequent outgrowth 
of the prothallium. 

Strasburgor had already demonstrated the existence of this hardened frothy 
mucilage in both kinds of sporangia of Azolla , but in this plant it assumes a far 
more conspicuous appearanc e. In the microsporangia the mucilage looks like a 
large-celled tissue, and forms fiom two to eight separate clumps (Afassuhc), each of 
which encloses a number of microsporcs. In some species (A. filiculouirs , Caro - 
Ziniana ) these massuke have their surfaces covered with hair-like appendages, 
barbed at their free ends ( GlathuZia ), by means of which they attach themselves, 
when they have escaped from the sporangia, to the floating macrosporcs. The 
macrosporangium of Azn/Za contains a single spheroidal macrospore, which does not 
nearly fill its cavity, the whole surface of which is completely covered with a thick rugose 
l;n er of this hardened frothy mucilage. It projects from the apex of the spore and runs 
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out beyond it into a pencil of delicate filaments ; three (or three times three) large 
masses of it are attached at this point. The frothy mucilage with its cavities full 
of air thus forms a float for the macrospore, and bears on its surface the upper 
part of the ruptured sporangium. 

The sporocarps of the Marsiliaceae are much more complex and more firmly 
constructed than those of the preceding family. The sporocarp of Pilularia is 
a shortly-stalked spheroidal capsule, standing apparently by the side of a leaf 
towards its ventral aspect. Its morphological significance is not yet fully under- 
stood. The capsule has a very thick hard 
wall, consisting of several layers of cells, 
and contains, besides a considerable quan- 
tity of soft succulent parenchyma, hollow 
chambers which extend from base to apex. 

Pilularia gfobulijna (Fig. 320) has four 
such chambers, P. m inula two, and P. 
avh'niana three. The external wall of 
each chamber bears a thickening along its 
median line of the inner surface throughout 
its whole length, and in this thickening 
mils a fibro vascular bundle. On this 
receptacle (placenta) the stalked sporangia 
are Ixwne, forming a sorus which consists 
at its lower part mostly of macrosporangia, 
at its upper of microsporangia. Probably 
each chamber has, at an early stage of 
development, an aperture at its apex, but 

it is not clear here, any more than in Mars ilia, how far a comparison of the 
delicate tissue which invests the sorus to an indusiurn is justifiable, a comparison 
which is made by many botanists. 

1 he sporocarps of the various species of A farsilia arc usually somewhat 
bean-shaped capsules with very hard walls, borne on long or short stalks, which 
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aiise cither upon the ventral aspect of the petioles of ordinary foliage-leaves (Fig. 
317) or at their bases. r I heir stalks may be simple, bearing but one sporocarp, or 
forked, bearing many sporocarps. From a petiole several usually arise together. 
1 he stalk is continued along the posterior edge of the sporocarp (Fig. 325), giving 
oil lateral branches right and left, which dichotomise and run towards the ventral 
cde,c. The ripe capsule is bilaterally symmetrical and contains two rows of chambers 
cadi of which extends from the ventral to the dorsal margin (Fig. 321, A, />’). In 
the very young fruit, according to Russow, each chamber communicates with the 
exterior by means of a narrow canal opening on the ventral aspect. A thickening 
(placenta) runs along the external wall of each chamber, bearing the macrosporangia 
on i ,s central ridge, and the microsporangia on its flanks; thus each chamber 
contains a sorus consisting of two kinds of sporangia. When the sporocarp bursts 
it becomes evident (Fig. 325) that the soft internal tissue forms, as in Pilularia , 
a completely closed investment for each sorus. When mature the microspoiangia 
contain numerous (4 x 16) spores, the macrosporangia but a single one. 
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The development of the sporangium begins with the outgrowth of one of the 
superficial cells of the placenta which bears the sorus. The subsequent divisions are 
the same as those above described with reference to Salvinia> so that here also the 
sporangium is soon elevated on a stalk and consists of a wall of a single layer 
of cells and of a tetrahedral central cell or archesporium (Fig. 322, /-///). From 
this a tapetum is cut off by four septa parallel to its sides, which, as in the 
Salviniacea; and in the true Ferns, surrounds the cell from which the spores are 
subsequently derived (Fig. 322, IV % F). The stalk of the sporangium of the 
IMarsiliaceoc, in accordance with the foregoing description, consists at first of three 
rows of cells, but these rows are afterwards multiplied by longitudinal divisions. 
As the young capsule of the sporangium gradually increases in size, the cells of the 
wall undergo radial division and the cells of the tapetum both radial and tangential. 
The central cell by repeated bipartition forms the sixteen mother-cells of the spores, 



each of which developes four tctrahedrally arranged spores in the usual way. 
During this process the cells of the tapetum gradually undergo disorganisation, and 
the cavity of the sporangium becomes filled with a granular plasma in which lie 
the mother-cells and the tetrads of spores and from which the remarkable epispore is 
subsequently formed. Up to this point the course of development in both kinds of 
sporangia is the same, but differences now become apparent. All the spores of the 
sixteen tetrads formed in the microsporangia reach maturity; each of the four spores 
within a mother-cell 1 surrounds itself with a permanent coat, and then the wall of the 
mother-cell becomes absorbed. In the macrosporangia one of the young spores of 
each of the sixteen tetrads grows more vigorously than the other three ; finally all the 
tetrads but one cease to develope, and the largest cell of this one — the future 


1 Rnssow raises the objection, /. c. p. 62 , that 1 make no mention of special mother-cells in 
<1 (scribing the development of the spores. Ifi.i mistake finds its correction in § 3 of Book 1. 
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macrospore — increases very much in size whilst the other three gradually shrivel. 
Figures 323 and 324 illustrate the development of the macrospore of Pilularia 
globulfera , after drawings made by me in 1866. They show the young macrospore 
in /, //, ///, still in connexion with its three sister-cells which are invested by the 
cell-wall of the mother-cell which has already become mucilaginous (/). The four 
cells arc attached to each other by means of rigid spine-like projections, that of the 
macrospore being the most strongly developed. At a later period the macrospore is 
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of very considerable size ; its aborted sister-cells are attached to it laterally (Fig. 
324, x) t and its firm coat has become brown and is invested by a layer of mucilage 
(Idg. 3 2 3j b) which often appears to be folded. It forms a papilla (Fig. 324, ?/) 
^t the apex which shrivels when the spore ripens. A layer of a soft substance, 
presenting a distinctly prismatic structure, makes its appearance (Fig. 324, C) on the 
outside of the mucilaginous layer, and becomes in its turn invested by a third layer 
which is thicker than itself of a less distinctly organised structure. Both these layers 
leave the apex of the spore uncovered and form a funnel through which the 
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antherozoids penetrate after germination (comp. Fig. 3 1 4). The macrospores of 
Marsilia possess a similar epispore, the development of which has been very fully but 
not very intelligibly described and figured by Russow. According to him the muci- 
laginous investment of the abortive sister-cells passes over to the macrosporc and 
forms the first layer of its epispore; then a protoplasmic vesicle encloses the whole 
macrospore, and within this the thick prismatic layers of the epispore are developed. 
Russow’s account confirms the view which I had already expressed that these 
investing layers are deposited from without, a view which is rendered even more 
probable by the facts known concerning these processes in the Salviniaceae, but 
it makes the whole process somewhat obscure, and 1 have no material at present for 
a fresh study of the formation of the epispore in the Marsiliaccax 

The ejection of the macro- and microspores from the very firm sporocarps is 
associated with some remarkable processes, for a knowledge of which we are 
indebted to Ilansteiti. The ripe fruits of Pi/ttlaria globulifera lit' either in moist 
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earth or upon it ; the wall splits at the apex into four valves, and a hyaline 
viscid mucilage, evidently derived from the tissue separating the chambers, escapes 
and forms a drop upon the surface of the soil which continues to increase in size for 
some clays. In this mucilage the inicrosporcs and the macrospores are carried out, 
and they germinate in it. When fertilisation has taken place the drop of mucilage 
becomes fluid, and leaves the fertilised macrospores on the moist ground to which 
they arc attached by the root-hairs of their protballia until the first root of the 
embryo penetrates it. big. 325 represents the most important of the corresponding 
processes in the ease of Marsilia Sahalnx . If the sporocarp, which is as hard as 
a stone, be slightly injured along its ventral margin and be then placed in water, the 
water gains- access to the interior and causes the tis ue forming the walls of the 
chambers to s\vell-up, and the result is that the testa splits along its ventral side into 
two valves. It is shown in I*ig. 325, //, that a hyaline ring protrudes, which lay pre- 
viously in the angle along the ventral edge, and carries with it the chambers 
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containing the sori which are less capable of swelling-up. As the ring gradually 
expands the attachments of the chambers to the dorsal margin of the sporocarp 
become ruptured and they are drawn completely out of the testa. As a rule the 
attachment of the ring is broken through at one end, it then straightens itself and 
boars the chambers, which are still, closed sacs, in two longitudinal rows, there being 
now a considerable interval between each pair of chambers, whereas they were closely 
packed together ' hilst still within the testa. These processes arc completed in a few 
hours, both kinds of spores arc set free, and, if the temperature be favourable, 
fertilisation takes place within from twelve to 
eighteen hours after placing the sporocarp in 
water. 

(a) Histology b The development of the tissue*? 
of the Rhizocarps agrees in all essential points 
with that of the true Kerns. The growth of the 
stem, of the root, and to a certain extent of the 
leaves, by means of an apical cell, is as evident 
here as in the Characea: and Equisctaccsr, and 
lias been thoroughly studied. The epidermis 
presents several peculiarities, more especially as 
to the stomata. The fundamental tissue is re- 
markable, as is usually the case with water or 
marsh plants, for its large intercellular spaces. 

Kor information as to the occurrence of sclcrcn- 
chyma in the leaves and in the testae, the me- 
moirs of Braun and of Russo w must he consulted. 

The fibrovascular bundles, more especially those 
of the Marsiliacea*, very closely resemble those 
of the true Kerns in their composition. There 
is a central xylem entirely surrounded by phloem, 
and this again is invested by a single layer of 
colls with folded lateral walls forming the bundle- 
sheath. A single bundle traverses stem, root, and 
leaf. In Marsilin , the bundle branches in the leaf, 
forming a dichotomous venation. A transverse 
section of the stem of the Marsiliacea.' shows the 
librovasrular mass forming a ring surrounding a 
central mass of fundamental tissue. The fibro- 
vascular mass consists evidently of several bundles 
which have coalesced ; that this is so is indicated 
by the fact that the phloem of its inner side is 
bounded by a bundle-sheath just as the outer 

side is. In Pteris aquilina it often happens that the two wide caulinc bundles of the 
stem unite laterally so as to form a tube enclosing a medulla. 

(b) Classification. It is already evident from what has been already said, that the 
Rhizocarpea* belong to two clearly-defined families, of which the one, the Salviniaccar. 
is closely allied to the true Ferns, whereas in the other, the Marsiliacea*, the especial 
characteristics of the order find their most complete expression. 

Family i. Salviniaeese. Plants floating horizontally on the surface of water. The 
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apical cell of the stem forms two rows of segments, a right and a left. Sori either male 
or female : each sorus contained in a unilocular sporocarp. Spores invested by hardened 
frothy mucilage (Massulse, Epispore). The prothallium derived from the macrospore 
is well developed and bears several archegonia. A%olla has roots, Salvinia has none. 

Family 2. Marsiliace®. Plants creeping on moist earth, or floating to some extent 
in water. The three-sided apical cell of the stem forms two dorso-lateral rows, and 
one ventral row of segments. Each sorus includes both macro- and microsporangia, 
and two or more sori are contained in the multilocular sporocarp. The spores are in- 
vested by hardened mucilage — epispore— which presents a radially prismatic structure, 
and is to some extent capable of swelling-up. The prothallium of the macrospore bears 
a single archegonium. This family includes the genera Manilla and Pilularia. 


CLASS IX. 


PrCHOTOMK.E B . 

Hitherto the I.ycopodica:, Psihtum , the Sclaginelhe, the lsoetese, etc., have 
been included together in the group of the Lycopodiaccae, and rightly so, for 
these genera exhibit not only in their habit, but also in their morphology, a degree of 
relationship which makes it impossible to separate any one of them from the others 
with the view of erecting it into a new class or of including it in one of the other 
two classes of Vascular Cryptogams. Recent investigations have, however, shown 
that this class includes two well-defined subdivisions which must be kept distinct. 
To one of these two orders belong the genus Lycopodium and its immediate allies, 
and it must therefore necessarily take the name of Lycopodiacece ; consequently 
a new name has to be found for the whole class, and 1 select that of Dichotome,*:, 
because it brings into prominence one of the most obvious of the characteristics 
of these plants, that the branching presents the appearance of being the result of 
dichotomy, although, as a matter of fact, the branching of the stem is monopodia]. 
It must be remembered, however, that these two modes of branching gradually pass 
one into the other. These plants are as remarkable among vascular plants for their 
evident tendency to branch dichotomously as are the Equisetacere for their whorls of 
leaves. That dichotomy is indeed a typical peculiarity of these plants is proved by 
the fact that their roots are the only ones at present known which branch 
dichotomously. 

The dichotomous habit of the branching is by no means the only characteristic 
common to the members of this class, as a comparison with the Equisetaccse and 
Filicineae at once shows. They possess but little in common with the Equisetaccze 
except perhaps the relatively slight development of the leaves, although that is 
brought about in this class in a very different way, for the similarity in the mode of 
development of the sporangia in the two classes does not merit consideration since, 
as W'e have seen in the Filicineae, this is a characteristic which is critical only for the 

1 [Inasmuch as dichotomous branching is not universal even among the JLy copod ie«e, many 
authors prefer to designate this group of plants as Lycopodin®.] 
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smaller subdivisions. It is easier to find points of connection between this group 
and the Filicine®, such, for instance, as the similarity in the composition of the 
fibrovascular bundles, and certain modifications of the fundamental tissue which 
occur in the two classes, but the external conformation is the most important point 
to be considered as an indication of relationship. In the Filicineae the well-developed 
leaves form the principal morphological feature, whereas in the Dichotomeae they are, 
though numerous of very simple structure and of small size ; in the one class the 
external conformation depends upon the stem, in the other upon the leaves. It is of 
great importance to note that each leaf, in the Dichotomeoe, produces a single 
sporangium, whereas each leaf, in the Equiselaceae and Filicineae, bears several 
sporangia. In this group the sporangium arises typically near to the base of the 
leaf, and it is of but little consequence that in some cases it arises further back 
from the axil of the leaf or even from the stem ; this is merely an example of an 
occurrence common among Phanerogams that organs of the same morphological 
value (in their case the branches) arise at one time at the base of the leaf, at another 
in its axil, or even from the stem above the axil. Although it has already been 
pointed out that the mode of development of the sporangia is insufficient to define 
the principal subdivisions of the Vascular Cryptogams, it must be remarked here that, 
in contrast to the various modes occurring in the Filicineae, the mode of develop- 
ment of the sporangia is constant, even when the other morphological characteristics 
me widely different; here the sporangium is always developed from a group of cells. 

A short definition of the two orders — I. Lycopodiacese, II. Ligulalae— is given at 
the close of the introduction to the Vascular Cryptogams. 


Okder I. 

1. The Sexual generation (Oophore). The conditions which are necessary for 
the germination of the spores of Lycopodium , Psilolum , etc., are as yet unknown. In 
spite of the very numerous attempts made to cultivate them only one observer, 
Do llary, has succeeded in obtaining the early stages of the development of the 
prothallium of Lycopodium inundatum . The endospore protruded as a spheroidal 
vesicle from the exospore which had split into three valves : the vesicle was then 
divided by a transverse septum into an inner basal cell, which underwent no subse- 
quent alteration, and an outer cell which grew like an apical cell and formed two 
rows of segments. Each segment was then subdivided by a tangential wall into an 

1 Bischoff, Die crypt og. Gewiichse. Nurnbcrg 1828. — Spring, Monographic dc la famille des 
Lyeopod, (Mem. do l’Acad. roy. Beige, 1842 et 1849). — Cramer, iiber Lycop. Selago in Nagcli und 
Cramer, Pfl. phys. Unlers. lleft 3, 1855. -Do Bary, iiber die Keimung der Lycop. in Bcr. d. natuif. 
Ges. 7.11 Freiburg-i-Br. and Ann. Sci. Nat. 1858. Ilefl IV. — Nsigeli und Leitgeb, iiber die Wurzeln, 
in Nageli's Beit, zur wiss. Bol. Heft 4, 1867. — Payer, Botanicjne eryptogamique. Paris 1868. — 
Hegelmaier, Hot. Zeit. 1872. — Russow, Vergi, Unters. Petersburg 1872. — Mettenius, iiber Phyllo- 
gluimtn, Bot. Zeit. 1867. — Juranyi, iiber Psilolum. Bot. Zeitg. 1871. — Fankhauser, Bot. Zeitg. 1873. — 
Ntrashuiger, Bot. Zeitg. 1873. [Areangeli, Studii sul Lycopodium Selago , 1874. ” Brand, Bemerk. lib. 
d. Verwandtschaftsvcrhaltni.sse der Gefasskryptogamen ; Verh. d. phys.-med. Ges. zu Wurzburg, 
— Braun, Blattstellung und Yerzweigung bei Lycopodium, Sit /her. d. bot. Ver. d. Prov. Branden- 
burg, 1874. —Hegelmaier, Zur Kenntniss einiger Lycopodinen, Bot. Zeitg. 1874. — Bruchmann, Ueb. 
Aulage u. Wachslhum der Wur/eln von Lycopodium , Jenaische Zeitschrift, 1874 ] 
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inner and an outer cell, so that at this stage the young prothallium consisted of four 
short cells forming an axial row terminated above by the apical cell, below by the 
basal cell, and enclosed laterally by two rows of cells. It was impossible to trace 
the development any further. Fifteen years later (1872) Fankhauser found in 
Switzerland completely developed prothallia of Lycopodium annoiinum among some 
Mosses, one of a\ hich was still connected with the young plant of the second 
generation (Fig. 326). These prothallia, which had grown in the absence of light, 
were irregularly lobed masses of cells of a pale yellow colour, furnished sparingly 
with small root-hairs. On the upper surface were numerous anthcridia which are 
ovoid cavities in the tissue of the prothallium covered by a single layer of cells and 
filled with the very numerous mother-cells of the anthero- 
zoids. The form of the anthcrozoids themselves was not 
very clearly made out. These prothallia had no longer 
any archegonia, but they bore young plants : hence it ap- 
pears that Lycopodium produces only one kind of spores, a 
conclusion which is quite in accordant. c with the results of 
direct observation, and that the prothallia are monoecious, 
a peculiarity which at once sharply distinguishes the Lyco- 
podicca? from the Isoetea.* and Seldginellae, as does also 
the very considerable size attained by the prothalliuin and 
its complete independence of the spore. Probably these 
conditions are the same in those genera which possess but 
one kind of spores, Psi/o/um , Tmcsifdtris, P/iyt tog/os sum. 
The prothallia of Lycopodium evidently bear several arcbe- 
gonia, for Fankhauser found on them young plants in 
various stages of development. From the attachment of the 
young plant to the prothallium, it appears that the arche- 
gonia lie upon its upper surface in the grooves between the 
lobes. 

2. The Asexual generation (Sporophoreh From what has 
already been said it is evident that nothing is known con- 
cerning the de\elopment of the embryo. The young plants 
which Fankhauser found were attached to the prothallium 
by means of a small projection, about the size of a pin’s 
head inserted into its tissue. This projection arises at the 
side of the base of the stem and of the first root; it evidently corresponds to the foot 
of Ferns. 

The habit of the mature plants is very various in the different genera. Some 
species of lycopodium have an erect stem and erect branches (L. Sc/agti), in which 
case the roots arising from the low'er part of the stem often grow downwards within 
it and issue in a tuft from its base {L. P/ifqjmariu, uluifolium , See.), Very frequently 
the main stem and its largest branches creep upon the earth, sending out roots here 
and there into the soil, only certain branches, more especially those which bear the 
sporangia, being erect. In these forms there is a tendency towards bilateral 
organisation, which finds expression more particularly in the structure of the axial 
fibrovascular mass. In all species the stem is thickly covered with small, narrow, 
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sometimes elongated leaves. The differences of habit are chiefly due to the greater 
or less development of one or other of the branches of the bifurcations. The 
sporangia are borne in Z. Selago in the axils of ordinary foliage-leaves, but usually 
they are borne in the axils of leaves which are peculiar in shape and colour, and 
which form terminal spikes on special fertile branches which are frequently curiously 
modified. 

In PsiloiutK the stem is thin, much branched, and developed throughout in 
a bifurcate manner, so that the plant presents the appearance of a straggling 
shrub. It possesses no true roots, but a number of underground branches dis- 
charge the functions of roots. The leaves are few, and are but small pointed scales 
even upon that part of the stem which is above ground. The sporangia are 
borne three or four together on small, short, lateral shoots of the branches, and 
do not form a definite fructification. Similar arrangements occur in Tmesipieris , 
but here the leaves are much larger. With these genera is associated Phyllo- 
o/ossum, a small Australian plant only a few centimetres high, which differs from 
them considerably. It consists of a stem arising from a small tuber, 2md bearing 
at its lower part a rosette of a few long leaves and one or more lateral roots; it 
is piolongcd above this as a thin scape and terminates in a spike of small leaves 
bearing the sporangia. The plant is propagated by means of adventitious shoots 
consisting of a tuber with a rudimentary leafless bud : in this respect it resembles 
our native Ophrydece. 

The development of the vegetative organs is only thus completely known with 
reference to native Lycopodicce ; our knowledge of the other genera is very frag- 
mentary. We are indebted for the most valuable information to the labours of 
llegclmaicr, of Leitgeb, and of Nageli. According to Cramer, Pfeffer, and llegel- 
maier, and this is corroborated by my own observations, the growing end of the stem 
of lycopodium does not possess a single apical cell ; this is true also of the leaf and 
of the root. The growing point of the stem consists of a small-celled primary 
mcristem which does not in all cases present a distinct differentiation of dermatogen 
and periblem, but there is a distinct axial plerome which extends to close below the 
apex. In Z. Selago the apex is flat, but in Z. com pi ana turn, cfavafum , annoiinum , 
alpinum , &c., it projects beyond the youngest leaves in the form of a dome. Just as 
in Phanerogams, the leaves and the rudimentary branches are not developed from 
single cells of the growing-point, but from groups of cells which include both the 
superficial and deep layers of the primary tissue. 

The branching of the stem of Lycopodium may be generally described as being 
dichotomous, although, according to Hegelmaier, the first development of a branch 
begins in many cases at the side of the growing apex of the stem. In all cases, 
however, this takes place above the youngest leaves without any reference to their 
position, and herein it differs from the branching of Phanerogams. According to 
Cramer two new growing points of equal activity are formed side by side upon the 
Hat apical surface of Z. Selago , and they in turn develope dichotomously, and 
Hegelmaier found the same to be the case in the vegetative shoots of heterophyllous 
species (Z. complatmtum , chatmccypartssus). In these cases then true dichotomy 
occurs. On the other hand, the rudiment of the branch appears as a lateral pro- 
tuberance from the projecting growing point of the vegetative shoots of Z. clavatum 
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and annoiinum and of the creeping shoots of L. inundatum; yet it arises in such 
a manner that the branching may be regarded as being closely allied to dichotomy. 
The bifurcation of the fertile branch of L. atpinum presents another form of 
dichotomy (false dichotomy), for here the growing-point is extended by the develop- 
ment of two new growing points, one on the right and the other on the left side of 
it ; the central one then ceases its activity, whereas that of the two lateral ones 
commences, so that the apex of the parent shoot becomes indistinguishable. Those 
Lycopodiex which have their leaves arranged in four rows, and which resemble the 
Selaginellex (Z. complanalum , channrcyparissus), branch in one plane only, which 
coincides with that of the larger leaves ; whereas those species which have their 
leaves arranged spirally or in whorls, branch in various intersecting planes. Hegel- 
maier recognised the bulbils which occur in several species (Z. Sc la go, lucidum , 
rtjlexuA) as being peculiarly modified branches. They arise on the shoot in the 
place of leaves. They fall off of themselves, and are provided with a few leaves and 
a rudimentary root. 

Since the leaves are closely placed by the side of and above each other from the 
first, so as to cover the whole surface of the stern, there are no internodcs (as also in 
Ophioglossum , Marattia , Aspiditim , I socles) ; and not only so, but the outer cortical 
layer of the stem is genetically connected with the tissue of the bases of the leaves. 
The leaves become separated the one from the other by subsequent intercalary 
growth, and in many cases the base of the leaf becomes sharply defined from the 
stem. 

The first rudiments of the leaves of Lvcopodicce appear as multicellular lateral 
protuberances of considerable breadth upon the growing apex of the stem. They 
grow at first apically, but this soon terminates in the formation of a hair-like 
prolongation ; all further growth is intercalary at the base of the leaf. 1 he size and 
form of the leaves are very different in the various species, but they are always 
simple unbranched, and not stalked but sessile with a narrow base. Occasionally 
their surfaces, with the exception of the free apices, are closely applied to the stem 
(as is the case in Thuja), but more commonly the leaves are quite free. They are 
acicular, or at any rate of small width, and, as in all Dichutomex, a mid-rib only and 
no lateral veins is present. 

The phyllotaxis is sometimes verticillate, sometimes spiral, and both kinds may 
occur on the same plant. The whorls may consist of pairs of leaves which 
decussate, or of three, foui, or more, and are arranged in creeping stems on zones 
the planes of which are oblique to the long axis of the stem. The number of leaves 
in a whorl varies even on the same shoot. According to Hegelmaier, the whorls are 
true ones ; the leaves composing them are developed simultaneously and at the same 
level at the punclum vegetaiionis. Where the phyllotaxis is spiral it is so from the 
first, and the divergence undergoes no important modification. The small and very 
various divergences of the leaves are remarkable, as Braun pointed out ; he found in 
Z. clavatum the following divergences, f, 8 3 , 1 '-., y 5 -, as well as whorls consisting 
of from four to eight leaves ; in Z. annoiinum they were f , £, and whorls of four or 
five leaves; in L. inundatum | and whorls of five leaves (Bot. Zeit. 1872, p. 815). 

The much bifurcated, multiangular, thin stem of Psilotum grows by means of 
a three-sided apical cell, which, according to Nageli and Leitgeb, forms (in the 
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subterranean shoots) three spiral rows of segments, the segmental walls advancing 
in the anodal direction, as in many Mosses. The small widely separated leaves, 
which have no fibro-vascular bundles, are borne upon the angles of the stem and bear 
no apparenL relation to its branches. 

Psilotum triquetrum is a plapt perfectly destitute of roots, forming however a 
number of underground shoots which serve the purpose of roots and are extremely 
similar to them. On the shoots of the rhizome which approach the surface of the 
ground may be detected with a lens minute leaves of a whitish colour and acicular 
shape ; the deeper root-like shoots have a blunter end, on which no trace of leaves 
can be detected, even with the lens. While the anatomical structure of the super- 
ficial shoots corresponds to that of the true stem of these plants, in these deeper 
shoots the vascular bundles are united into an axial group, as in true roots. The 
shoots which bear visible rudiments of leaves may turn upwards, become green and 
transformed into ordinary foliage-shoots, while the root-like shoots, which are more 
slender, may also turn upwards, become thicker, and assume the appearance of 
the ordinary superficial rhizome-shoots. In this point therefore they differ at once 
from true roots, but still more in the absence of a root-cap. They terminate in an 
apical cell, which forms oblique segments alternating in different directions. The 
most important point, however, is that these shoots really possess rudiments of leaves 
which consist of only a few cells and do not project above the surface, but remain 
concealed in the tissue. They are best recognised in longitudinal section, when 
they are seen to consist of an apical cell and from two to five cells with the 
characteristic arrangement of leaf-cells. Similar rudimentary leaves consisting of 
hut few cells occur also on the ordinary rhizome-shoots, where, however, they do 
not undergo further development, especially when the end of the shoot appears 
above ground. The root-like shoots branch like the ordinary ones; a cell is cut 
off by an oblique wall from one of the youngest segments, and forms the apical 
cell of the new shoot. 

The other genera all possess true roots. In the Lycopodicoe with creeping 
or climbing stems they arise singly and dichotomise in rectangularly intersecting 
planes in the soil. It has already been mentioned that in the Lycopodiese with 
erect stems, such as in L. Se/ago , Phlcgmaria , ulicifolium , the roots issue in a tuft 
from the base of the stem which is somewhat tubercular. These roots originate high 
up in the stem, as high as five centimetres and even above the first bifurcation 
according to Strasburger ; they dcvelope at the periphery of the axial fibro-vascular 
mass, but they are peculiar in that they grow down through the fundamental tissue of 
the stem and even dichotomise there. (Compare with Angiopteris , p. 417.) 

The Sporangia , in the genus Lycopodium , occur singly on the bases of the 
leaves or in their axils. As in all Dichotomesc, they are here larger than in the 
Ferns. They are borne on short broad stalks, and the capsule is somewhat reniform, 
its longer axis lying transversely to that of the leaf. They open by means of a slit 
running in this direction over the apex, two valves being formed which remained 
united at the base. The contained spheroidal or tetrahedral rather small spores are 
numerous ; they all have the same shape and are provided with a sculptured exospore. 
After I had pointed out in the first edition of this book (1868) that the sporangia of 
the Lycopodieue originate as multicellular protuberances of the tissue of the leaves, 
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Hegelmaier and Russow have confirmed and extended the observation. They are 
developed from a small group of epidermal cells, as Goebel has shown, and, in con- 
sequence of repeated divisions, they soon appear as flat projections occupying the 
whole breadth of the base of the leaf, consisting of a group of internal cells covered 
by an external layer. Tangential divisions take place in the epidermal ceils by means 
of which the wall becomes two-layered, and the upper or external portion of the 
tapelum is formed, the tapetum being completed by similar divisions taking place in 



Fir. 3:7.— A dicliotomously braiKl.cd fertile sljnol of I ycopodium C h a Mtrcypt ir ns us, in longitudinal section, slightly magnified ; 
ff the axial fitirova&cuUr mass, M leaves, the young sporangia. 


more deeply placed cells : the archcsporium probably consists of a transverse row of 
cells; these undergo division and form a rounded mass of spore-mother- cells. 
These cells become isolated, their walls undergo considerable thickening, and, after an 
indicated division into two they form four chambers (the so-called ‘ special mother- 
cells *), within each of which the contained protoplasm surrounds itself with a 
permanent spore-wall. It is not until the projections, spines, &c., have been 
developed upon this wall that the walls of the chambers of the mother-cells are 
absorbed. 
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The nature of the sporangia of Psilotum and of Tmesiplcris is in many respects 
obscure. In Psiloium the short branches which bear the apparently trilocular 
sporangia 1 2 arise as lateral papillae on the growing point, and, according to Juranyi, 
are provided with a three-sided apical cell like the vegetative branches. A fibro- 
vascular bundle runs from that of the parent shoot to the papilla, but does not 
extend beyond the half of its height. The two small leaves of this fertile branch, 
which were formerly regarded as being the segments of a single leaf, arise separately 
from the papilla and coalesce at a later period. Even at a tolerably advanced stage 
the papilla still consists of undifferentiated tissue which, as in the case of the anthers 
of Phanerogams, forms parietal layers and three groups of spore-mother-cells ; in 
this way three loculi are formed, which are separated by longitudinal walls and an 
axial mass of tissue, and which project considerably on the exterior. I regard these 
three loculi as so many sporangia which are formed in the apical part of the fertile 
shoot to which the axial fibro-vascular bundle extends. In Tmesipleris the spo- 
rangium, which is apparently divided into two loculi by a transverse septum, is borne 
upon a small lateral branch which bears a leaf to the right and to the left. 



Histology' 1 . 'Pile Epidermis of the leaves of L. armotinum , claimtum , and Stingo, 
is provided with stomata on both surfaces; the stomata are often arranged in small 
groups. The leaves of the heterophyllous species which have them arranged in four 
rows, possess stomata on their inner surface; stomata occur on the outer surfaces 
of those portions of the leaves which adhere to the stem and which are directed 
towards the earth. The epidermis of the root is sometimes strongly cuticularised, as 
hi L. clauatum . 

The Fundamental 'Tissue of the stem consists of cells which are sometimes tliin-walled 
throughout, as in L . immdatum , but usually the inner layers have thick walls, and are 

1 [This has been cleared up by Goebel (Jfcitr. z. vergl. Entwick. der Sporangien, Bot. Zeit. 

He finds that the ‘trilocular sporangium’ of Psilutum is really a group of three sporangia, 
each of which contains primarily a unicellular archesporium, from which a two-layered tapclum is 
subsequently derived, as also the mother-cells of the spores. The * loculi ' of the apparently bilocular 
sporangia of Tmesipteris are, like those of P&ilotum, which they closely resemble in their development, 
really distinct sporangia.] 

2 [For further details see l>c Nary’s Verglcichende Anatomic, 1877.] 
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proscnchymatous, or even sclerenchymatous, though they never become brown like 
those of the Ferns (Fig. 328). 

The axial fibro-vascular cylinder is sharply defined from the ground tissue by a well- 
developed bundle-sheath consisting of from one to three layers of cells. In the leaves 
of the heterophyllous species air-cavities exist, and they are found also in the stem 
of L . inundatum . In this species Hegelmaier' found gum-canals in the stem and leaves 
(one in the mid-rib), which are formed by the gradual separation of cells from each 
other. The bordering cells project into the canal like varicose hairs. In /„. annotinum 
such canals occur only in the fertile branch. 

The Fibro-vascular Bundles of the Lycopodieac are very characteristic. In the stem 
and in the root there is a large axial cylinder which has usually a circular outline. 
In this (Fig, 328) lie bands of xylem which are either isolated or united in various 
ways so as to form figures which would be symmetrically bisected by an axial longi- 
tudinal section. Transverse sections taken at different heights show the xylem arranged 
in different patterns, for the bands anastomose in their course. These bands of xylem 
consist, like those of Ferns, of tracheides which arc pointed at the ends, which are 
wider in the centre than at the edges of the bundle, and which, when they are narrow, 
have round pits, when broad, the pits are fissurc-likc. Small spiral vessels (proto-xylem 
cells) are to be found at the edges of the bands of xylem. In creeping and oblique steins 
the concavity of the bands is always directed upwards. These bands are embedded in 
a mass of small-celled phloem, in which rows of wider cells lying between the xylem 
bundles occur. Although, according to Hegelmaier, these cells possess no sieve-plates, 
they may be regarded as the representatives of the sieve-tubes. 

The 1 proto-phloem cells ’ (bast-fibres) lie toward the exterior between the ends 
of the xylem bundles. The arrangement of the elements recalls that of the axial 
cylinder of roots. Within the bundle-sheath are several layers of rather large cells 
which invest the peripheral phloem; to these Hegelmaier has given the name of 
‘phloem-sheath,’ and probably they truly correspond to the layer occurring in Ferns 
to which the same name has been given. 1 maintain the view which I formerly ex- 
pressed that the axial cylinder of the stem of the Lycopodiese consists of several 
fibro-vascular bundles which have coalesced; for Hegelmaier’s argument against it, that 
the bands of xylem arc not isolated throughout their whole extent, is by no means 
conclusive, and moreover the resemblance between the axial cylinder of the stem and 
that of the root supports my view. Each leaf contains a single thin fibro-vascular bundle 
of very simple structure, which runs very obliquely from the base of the leaf through 
the cortex, to become connected lower down with the margin of one of the xylem 
bundles of the stem. The leaves of Psilotum contain no fibro-vascular bundles. Ac- 
cording to Russow the xylem of the axial fibro-vascular cylinder of the stem forms 
an angular hollow cylinder at the projecting angles of which arc groups of narrow spiral 
vessels. 

The axial cylinder is cauline: it can be followed in the procambial condition to just 
beneath the apex of the stem. The rows of spiral cells are first formed within the 
xylem bands, with which the similar elements in the bundles of the leaves become con- 
nected (Fig. 327) long before the development of the tracheides. 


Order II. Lien. at.*: 1 . 

1. The Sexual Generation (Oophore). Like the Rhizocarpeae among the 
Filicineae, the Ligulatas, including the genera Sclaginella anti Tsoe/es , are distinguished 

1 Hofmeistcr, Vcrgleich. Unters. 1851. — (termination. Development, and Fructification of the 
Higher Cryptogamia, Ray Soc.) — Hofmeistcr, Entwick. dcr l smiles lacustris , in Abhand. d. Konigl. 
Sachs, dcr \YLs. IV. 1855. — Nagel i und Lcitgcb, uher Entstehung und Wachsthum der Wurzeln, in 



among the Dichotomese in that they possess spores of two kinds, the macrospores 
and the microspores. As in the Rhizocarpeae so here the carrying back of sexual 
differentiation to the development of the spores is associated with this peculiarity, 
that the spores in germinating seem to attain their object, the formation of re- 
productive organs, as directly as possible, for the prothallium is not a plant capable 
of independent growth but a development of tissue within the spore. The mode 
in which this is brought about in the Ligulatae differs in essential points from 
that obtaining among the Rhizocarpese. 

The Microspores of Isoetes and Sehginella do not produce the mother-cells of 
the antherozoids immediately from their contents, as was formerly thought. To the 
treatise of Millardet mentioned in the foot-note we owe our knowledge of the fact, 
so important in connection with the relationship of the higher Cryptogams to the 
Gymnosperms, that at the period when the microsporcs are ripe, their contents are 
transformed into a mass of tissue consisting of but few cells. One of these cells 



Ff<“. pi.) — Or mtnat ion of the miermporrs of / sortes latu\trt\ (after MillardH). A and (' microsporcs. seen on the right 
Side, ft and /> mi the (entr.il luce; . f and A show the formation of the antliei idmm, 6 fi its dm sal cells, A A it- ventral cells, 
( .nid /> the formation of the antheio^oids, A and hn\e disappeared : v is the vegtl.llivc cell (prothalJium of Millardet) ; 
a—/ development of the anthcrozmils (. 4 — -/> and a — d X t and J X ?oo). 


remains sterile, and may be considered a rudimentary prothallium ; while from the 
others originate the mother- cells of the antherozoids, and these may therefore be 
looked on as a rudimentary antheridium. 

The microsporc of Isoetes lacusiris breaks up, after hibernation, into a very 
small sterile cell and a large one comprising the whole of the rest of the contents 
(Fig. 329 A — C). The former (z>), cut off by a firm wall of cellulose, does not 
undergo any further considerable changes ; the latter, on the other hand, splits up 
into four primordial cells without cell-walls, of which the two ventral ones produce 


Nageli’s Bcitr. z. Wiss. Hot. IV. 1867. — A. Braun, iiber T socles, m Monatsber. d. Berl. Akad. 1863. — 
Mil tic, Filices Kuropre et Atlantidis, Leipzig 1867.— Millardet, le prothallium male des crypt, vase, 
Strasburg 1869. — Ffeflfer, Entw. des Keims tier Gattung Selaginella in Ilanstein’s Bot. Abhand. IV. 
1871.— Janczewski, Bot. Zeitg. 187a, p. 44T.— Tschistiakoff, iiber Sporenentwickelung von Isoetes, in 
Nuovo Giomale bot. Ital. 187 3. — Russow, Vcrgl. Unters. Petersburg 1872. — [Braun, Ueb. Blatt- 
stellung und Verzweigung bei Selnginella , Sitzber. d. bot. Vcr. d. Trov. Brandenburg, 1874. — Hegel- ( 
maier, Zur Kcnnt. einiger Lycopodinen, Bot. Zeitg, 1874. — Treub, Recherohcs sur les organes de la 
vegetation du Srlaginella Martensii , 1877.] 
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each two antherozoid-mother-cells, and therefore four in all. Pfeffer has confirmed 
the statements of Millardet that in Sclaginella , long before the spores escape from 
the sporangium, a small sterile cell is first of all separated by a firm wall, while the 
other large cell breaks up into a number (6 to 8) of primordial cells (Fig. 331 A — D ). 
He found, however, their arrangement different in Selaginella Mariensn and caulescens 
from that which Millardet described in the case of S. Kraussiana , a variation which 
seems immaterial when compared with similar differences in the antheridium 
of P'erns. The essential difference between the results of the two observers con- 
sists in this : — that, according to Millardet, only two of the primordial cells produce 
the mother-cells of the antherozoids, which then, increasing in number, cause the 
absorption of the rest of the primordial cells, and fill up the spore; w r hile Pfeffer found, 
in his species, that all the primordial cells underwent further division, and con- 
tributed to the formation of the antherozoids. As to the mode of development 
of the antherozoids they were both in accordance. In Isoetes the antherozoids 
are long and slender, attenuated, and splitting up at both ends into a tuft of long 
slender cilia; in S\ tag inelf a they are shorter, thick behind, finely drawn out in 
front, and divided there into two long fine cilia. In the perfectly mature condition 



Hi, t — lucres' lam sin* (after Hnfiner.tfi ) ; . / in ici twi v>n !»■, aOt r it*, t ■.< apr from tli< sporangium, rnulftnl 

Iran, parent l»y glycerin '. 1 ( X <« >) ; /» longitudinal siLti<>n of tin pn it li.illiuni f<mr weeks aftei the esi ape of the macrospore, 
n nrchoguniuin (>.41) 


the antherozoids are rolled up into an elongated helix or into a short spiral. The 
mode of their formation in the mother-cells is the same in both genera, and agrees 
in essential points with that of Ferns. A cell-nucleus is not present at the time 
when the anthcrozoid is first formed; the contents of the cell are perfectly homo- 
geneous; the anthcrozoid originates from a shining scarcely granular mass of 
protoplasm which encloses a vacuole, the cilia at one end being formed first, and 
the spiral body becoming differentiated from before backwards by a kind of split- 
ting of the protoplasm. The antherozoid is originally curved spirally round the 
central vacuole ; this latter, surrounded by a fine membrane, not unfrequentlv 
remains attached to the posterior end of the antherozoid after it has escaped, and 
is carried along by it. The movement does not last longer than five minutes in 
the antherozoids of Isoetes , in Selagitnlla from one-half to three-quarters of an 
hour. From the commencement of germination till the complete maturity of the 
antherozoids there is, in Isoetes, an interval of about three weeks; the same period 
from the dissemination of the spores is necessary in Selagmclla . 

The Macrospores produce the female prothallium, which is an endogenous struc- 
ture in a still higher degree even than is the case in the Rhizocarps. In this respect 
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and in the mode of its development, it shows a still greater resemblance to the tissue 
that fills up the embryo-sac of Gymnosperms, and even of Angiosperms. In Isoetes 
the cavity begins to be filled with cellular tissue a few weeks after the escape of the 
macrospores from the decaying macrosporangium ; the cells of this tissue are all at 
first naked (without cell-wall); they appear to become enclosed in firm cell-walls 
only when the whole cavity of the endospore is filled with them (Fig. 330). In 
the meantime the endospore thickens, becomes differentiated into layers, and 
assumes a finely granular appearance, phenomena which, as Hofmeister insists, are 
exhibited in like manner in the embryo-sacs of Coniferae. The spherical pro- 



Flf;. 331. — Germination of Sctaj? in f l la (after Pfeifer) ; /—///, A. Marttmn, A — n , S. caulcsren r; / longitudinal section 
of a matrosporc filled with the prnthatlium and ‘ endosperm,’ d the diaphragm. ♦’ A two embryos in process of formation ; 
// a young archegonmm not yet open; ///an nrthegnniuui with the oospore fertilised and divided once; A amicrosporc 
showing the primordial tells; /t C different views of these divisions; D the mothcr-cclls of the antherozoids in the perfect 
anthcridium ; v, vegetative cell. 


thallium now swells up, the three convergent edges of the exospore burst length- 
wise and thus form a three-rayed fissure, where the jprothallium is covered only 
by the membranous endospore; this also peels off, and softens, finally exposing 
the corresponding part of the prothallium. At its apex appears the first arche- 
gonium ; if this is not fertilised, several others are subsequently formed at its side. 
In Selaginella, even when the macrospores are still lying in the sporangium, the 
apical region is found to be clothed with a small-celled meniscus-shaped mass of 
tissue which is probably formed, during the ripening of the spores, by the division 
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of an accumulation of protoplasm. This tissue afterwards produces the archegonia, 
and is therefore the true prothallium ; but a few weeks after the dissemination free 
cell-formation begins beneath it in the spore-cavity, finally filling up the whole cavity, 
and forming a large-celled tissue, which Pfeffer, supported by considerations with 
which I also agree, compares to the endosperm of Angiosperms, and, following 
this analogy, calls by the same name. At the period of fertilisation and of the 
formation of the embryo, the macrospores of Selaginella contain, therefore, both 
a prothallium and an endosperm. The formation of the archegonia begins even 
before the rupture of the exospore, which occurs in this genus in the same manner 
as in Isoetes. The first archcgonium originates at the apex of the prothallium ; the 
others arise, whether the first is fertilised or not, in centrifugal succession on the 
exposed parts of the prothallium. 

In both genera the archcgonium originates by division of a superficial cell 
parallel to the surface ; the upper of the two new cells divides into four cells placed 
crosswise, each of which splits by an oblique division into two, one lying over the 
other ; in this way the neck is formed, consisting of four rows, each of two cells 
in Selaginella , and of four cells in Isoe/es . The lower of the first two cells sends 
out a narrow prolongation between the neck-cells, which becomes the canal-cell 
of the neck (Fig. 331 II). The lower larger portion, the central-cell according 
to Janczewski, then has a small portion of its protoplasm cut olf which corresponds 
to the ventral canal-cell of the other Archegoniata, the remainder constituting the 
oosphere. The two canal-cells become mucilaginous and are extended from the 
opened neck so as to permit the access of the antherozoids to the oosphere. 

2. The Asexual Genera turn (Sporophore). The Development of the Embryo. 
The first division of the oospore (formation of the basal wall) differs from that of 
Ferns and Rhizocarps, taking place perpendicularly to the axis of the archcgonium. 
According to Hofmeister, each of the two cells first formed is divided in Isoe/es 
in a plane at right angles to that of the first division, the relation of which to 
the first root, the first leaf, the stem, and the foot of the embryo, requires yet 
further elucidation 1 . The formation of the embryo of Sclagitiella has recently 
been investigated in detail by Pfeffer. From an elongation of the upper half 
(hypobasal) of the oospore is formed the Susfensor , a body which is wanting in all 
other Cryptogams, but universally present in Phanerogams, and through which Sela- 
ginella consequently approaches flowering plants. The suspensor seldom remains 


1 [According to Ilruchmann (Jenaische Zeitschrift, 1874) the upper (epibasal) cell grows 
rapidly towards the neck of the archegonium and produces the apex of the stem and the first leaf 
(cotyledon) ; at the lower part of the anterior surface of the cotyledon a coll grows out and gives rise 
to the * ligula,’ and it is the cells lying immediately at the base of this organ which constitute the 
growing point of the stem. The lower (hypobasal) of the two primary cells grows slowly downwards 
into the spore, forming the foot; from the superficial cells of that part which is diametrically 
opposite to the growing point of the stem the primary root is developed. From the more recent 
researches of Kienit/.-GerlofT (Hot. Zeitg. 1881) it ap]>ears that the first divisions of the oospore 
resemble those in the Filicinex (see supra, p. 426). The two anterior superior (epibasal) octants 
give rise to the cotyledon, the two posterior (hypobasal) supeiior octants to the root, and the four 
inferior to the foot. The ligula is developed from one of the cotyledonary octants; from the root- 
octants a colyledonnry sheath is also developed. He docs not agree with Bruclimann that the root 
has an exogenous origin.] 
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a simple cell; a smaller or larger number of divisions usually takes place in its 
lower part (Fig. 332, A — D), The embryo itself originates from the lower (epibasal) 
half of the oospore. By the elongation of the suspensor and the compression and 
absorption of the surrounding cells, the embryo is forced into the endosperm, in 
which it now undergoes further development, as in Phanerogams. In the mother- 
cell of the embryo (epibasal cell) two segments 1 are in the meantime formed by 
the wall II (transverse wall); out of each proceeds an embryo-leaf (cotyledon), 
and a longitudinal half of the hypocotyledonary segment of the stem. The foot and 
root originate besides from the right segment, and in the left (in the figure) segment 
is formed the two-sided apical cell of the stem (Fig. 332, A t £). While the two 
segments are becoming transformed by a number of cell-divisions into masses of 
cells, of which an inner mass very soon separates itself as the procambium of the 
axial bundle and a peripheral mass as dermatogen and periblem, a swelling is 
produced laterally beneath the first leaf, forming the foot 2 ; by its increase the 



riG. Development of thr tmhryn of Schist ttrUa Martens n (afti-r I’fcftci) ; .4, A’ lower p.irt of tin- Mmpcnsor with 
tlic first much-divided srginmit'* of tin* oinhryo, and tlio apical irll r of the future s>tcin ; bb the lust leaves ; C api< al view of 
the same; I> the apex seen limn above in the act of forming twn new apical cells, right and left; /, //, 111 the primary 
walls of the pt Hilary apical tell ; l' — I'll' the longitudinal walls by which the two new apical cells are formed. (/ basal 
wall ; 11 trausvcise wall.) 

stem is forced over to the other side (that of the younger segment); so that the 
apex comes to lie horizontally, and afterwards is even directed upwards (Fig. 331 /); 
and finally the bud, with its first leaves, the cotyledons, grows out upright from 
the apical part of the macrospore when the embryo begins to increase in length. 
The first root is formed a considerable time afterwards between the foot and 
the suspensor. It is lateral, and its apical cell is formed from an inner cell of 
the right segment; but the first layer of its root-cap originates from the splitting 
into two layers of the overlying dermatogen ; the later layers of the root-cap arise 
from the apical cell of the root itself. 

It has already been mentioned that in Ptcris and Salvittia the position of the 
apical cell of the growing stem is placed at an angle of about 90° with respect to 

1 [There is reason to believe that four octants are formed from the cpib.asal cell as in the other 
Vascular Cryptogams.] 

* [On the propriety of regarding this organ as the morphological equivalent of the foot of the 
other Vascular Cryptogams, sec Quart. Journ. Micr. Sci. 1878.] 
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that of the embryo. Something of the same kind occurs in Selaginella ; the apical 
cell, which lies between the rudiments of the first two leaves, is divided by walls in 
such a manner that a four-sided apical cell is formed (Fig. 332 C, D), the segments of 
which arise in decussate pairs. In the fifth or sixth segment a second four-sided 
apical cell is now formed by a curved wall with the convexity turned towards the 
primary apical cell, so that a longitudinal section through the two apical cells cuts 
at right angles the common median line of the first leaves, and that of the original 
two-sided apical cell. Each of the two four-sided apical cells now dcvelopes into 
a branch ; but neither of the branches continues to grow in the direction of the 
hypocotyledonary axis ; the branching therefore takes place immediately above 
the first leaves or cotyledons. The four-sided apical cells of the two rudimentary 
branches are soon transformed into two-sided apical ceils each forming two rows 
of segments. 



ituflin.il section r 
5 stem, -f* I 


The first formation of all the organs and the first branching always take 
place before the protrusion of the embryo from the spore. 

External Differentiation. The Stem is distinguished in Isoeles , as has already been 
mentioned, by its extraordinarily small growth in length, with which is connected, in 
this as in other cases (Ophioglosseae, Marattiaceai, and many Ferns), an absence of 
branching ; no internodes are formed, the leaves with broad bases of insertion con- 
stituting a thick rosette, without leaving between them any surface of the stem bare. 
The upper region of the stem, which is furnished with leaves, has the form of a 
shallow funnel, depressed in the centre or apex (Fig. 333). The long-continued 
increase in thickness, which distinguishes the stem of /socles from that of all other 
Cryptogams 1 , is brought about by an internal layer of meristem, surrounding the 


1 Compare what has been said already about Rafrychium and what follows about Lepidodendrott . 
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central vascular body, and continually producing new layers of parenchyma on 
the outside. This takes place especially in two or three directions, so that two or 
three corresponding masses of tissue are formed, slowly dying off on the outside, 
between which lie as many deep furrows meeting on the under surface of the stem. 
From these a large number of roots are produced in rows in acropetal succession. 

In the Selaginellea} the stem remains slender, but lengthens rapidly, branching 
profusely, and forms distinct internodes. The end of the stem rises above the 
youngest leaves as a slender cone. In Selaginclla a tendency prevails to sympodial 
scorpioid development of the branches which not unfrequently leads to the system of 
abundantly branched shoots developed bilaterally in one plane attaining a definite 
outline, and a corresponding resemblance to a compoundly pinnate leaf. In con- 
sequence of the small size of the leaves in this 
genus, the general habit is mainly dependent on 
the development of the systems of branches. , 

The main shoots which result from the sympo- 
dial development of the branches may creep like 
rhizomes, may grow obliquely upwards, may 
climb, or may form the stems of arborescent 
and fruticose plants. In all cases the repeated 

branchings take place in one plane, for the \ jj j J j v 

bilateral symmetry which is so marked in the \ \ J/j V 

position of the branches and in the phyllotaxis \ \ V.J_) \ 

already exists in the growing point. \ \ 

The Leaves arc always simple, unbranched, \ ' , ^** v4 ** - ’* 1 m 

penetrated by only a single fibro- vascular bundle, \ v ' x 

terminating in a simple point, and ending, in \ 

Selaginclla , in a fine awn. The largest leaves yj \ \ 

occur in Isoefcs , where they attain a length of \ 

from 4 to 60 cm. They are in this case divided \ 

into a basal part or sheath, and an upper part \ \ 

or lamina. The sheath does not entirely etn- \ \ 

brace the stem, but rises in a somewhat trian- 

gular form from a very broad insertion, and is ^ 

acuminate ; it is convex behind and concave in 

front, where there is a large depression, the Fovea , 

containing the sporangium ; the margin of this depression rises in the form of a thin 
membranous outgrowth, which in many species lies above the sporangium and 
envelopes it, the Velum. Above the fovea and separated from it by the ‘ saddle/ 
lies a smaller depression, the Foveola , the lower margin of which forms a lip, the 
Labium , while from its bottom an apiculate membranous structure, the Ligulc (or 
Lingula ), with a cordate base, is prolonged beyond the foveola (Fig. 334, A). The 
lamina of the leaf, containing chlorophyll, into which the sheath passes above, is 
narrow and thick, almost cylindrical, but flattened in front, and penetrated by four 
wide air-canals, which are divided by septa. This form is exhibited by the fertile 
leaves of all the -species of Jsoe'/es ; a rosette of such leaves is produced annually ; 
but between each pair of annual whorls is formed a whorl of imperfect leaves, which 



47<5 


VASCULAR CRYPTOGAMS . 


consist, in I, lacusiris , * of only a small lamina, but in the terrestrial species are 
destitute even of this, and are simply cataphyllary leaves (phyllades). 

The leaves of Sflaginclla are never more than a few millimetres in length, and 
are usually cordate at the base with a narrow insertion, acuminate, and from lanceo- 
late to ovate in form. In the greater number of species the sterile leaves are of two 
different sizes, the ventral leaves attached to the under or shaded side of the 
obliquely ascending stem are much larger than the dorsal leaves on the upper side 
exposed to the light (Fig. 335, A). Both kinds taken together form four longi- 
tudinal rows {vide infra). On its upper side and near the base each leaf bears a 

ligule; the point of attachment of the sporan- 
gium is below this on the fertile leaves. The 
fertile leaves form a quadrangular terminal spike, 
are uniform in size, and usually of somewhat 
different form from the sterile ones. 

Phyllotaxis, In I socles the rosettes are ar- 
ranged spirally, with the divergences 2, yV, > 
JJ, the fractions becoming more complicated 
the Larger the number of leaves that are an- 
nually formed. In the species of Sflaginclla 
which have their leaves arranged in four rows, 
each dorsal and ventral leaf form together a 
pair, whose median plane, however, docs not 
intersect that of the next pair at right angles 
but obliquely, an arrangement which is often 
dearly seen on old shoots of S . Kraussiana . 

The Apical Growth of the stem takes place 
by means of an apical cell 1 . That of Isoldes 
lacusiris is, according to Hofmeister, two-edged 
when the stem has two furrows ; in the species 
with three furrows it is a three-sided pyramid. 
In young plants the leaves stand accordingly 
in the first case in two, in the second case in 
three rows; but later the phyllotaxis becomes 
more complicated and spiral, indicating perhaps 
tturquaiifoint , j fcrt.ir that in the older stem the primary walls of the 

nranrh natural si/O; /»' apex in loiitfitu'luial 1 J 

s,ertion bearing mu r., sporangia «>» the leu. segments advance in the anodal direction, as is 

$)>orun£t,t on ih<- ri^ht (magnified). 0 

the case in those Mosses which have a three- 
sided apical cell and a complicated phyllotaxis. In those species of Sdagmella which 
have the leaves in four rows, the apical cell of the stem is, according to Pfeffer, two- 


1 [Hegelmaicr (Rot. Zeitg. 1874) was unable to find an apical cell in I&oetes velata or in 
7 . Durieui. He considers that, since in certain Selagincllea; {S. arbor etc e ns t Pervillei, Lyallii ; Russow, 
Vcrgl. Untcrs.) there is not a single apical cell, but a group of dividing cells, and in S. Wallichii 
(Strasburger, Rot. Zeitg. 1873) there are two apical cells, whereas in the other Selaginelleae there is 
a single apical cell, it is possible that similar differences may exist in the genus hoetes; some species 
having a single apical cell, and others a group.] 
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sided 1 (Fig. 33 6,A,R). The two rows of segments here form an elevated vegetative 
cone, at the base of which the rudiments of the leaves first appear at the height of the 
fourth or fifth segment. The two edges of the apical cell are directed upwards and 
downwards (on the obliquely ascending shoot). The relationship of the leaves to 
the segments has not yet been entirely made out. The two leaves of each pair arise 
obliquely, one above, the other below, and alternately right and left where the pairs 
cross obliquely, by the outgrowth of zones of cells, each of which embraces about a 
fourth of the circumference of the stem. Divisions then take place in these cells 
which are directed obliquely upwards and downwards, and a row of apical cells is 
thus formed, by means of which the growth of the leaf is continued (Fig. 336, A). 
The branching of the shoot is effected by a second two-edged apical cell being 
formed from the youngest segment (Fig. 335, C , D ), a wall being developed in it 
which is convex to the existing apical cell and which intersects the primary wall 
below. The two shoots which are thus formed grow right and left of the previous 



ITt;. Apcv of the stem of ^tlagintlla Atattrusu (after I'fofici) ; .7 longitudinal set lion of the end of the stem with 
the first rudiment of the leaves ; M apex of the stem seen from above; (' formation of an apical tell seen from the sole; 
P the same seen from below The primary walls of the segments are denoted by darker lines ; the segments themsebes 
are numbered with Roman figures 


direction of growth, and all the successive branchings take place in one and the 
same plane. 

The Roots. All the species of Selaginella possess true roots ; but in some, 
as S. Martcnsii and Kraussiana , they arise on a structure which Nagcli calls the 
Rhizophore , and which has no root-cap. In S. Kraussiana the rhizophores spring 
from the dorsal side of the stem, nearly at the base of the weaker of each pair of 
branches, curl themselves round it, and then grow downwards ; it is only rarely 
in this species that two of these organs arise near one another. S. Martcnsii , on the 
other hand, forms at each branching two rhizophores, one on the dorsal and one on 
the ventral side (the plane which passes through them is perpendicular to the plane 
of branching), but usually only the ventral one undergoes further development, while 
the dorsal generally remains in the form of a small protuberance. The rhizophores 

1 [Treub has shown (Rechcrches etc. sur It- Selaginella Martcnsii) that the form of the apical cell 
is very variable ; it is sometimes two-sided and sometimes three-sided in branches of the same plant.] 
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arise very near the puncium vegetationis , probably at the same time as the branches ; 
unlike the roots, they arc exogenous structures, which, when young, possess a 
distinct apical cell. This is probably two-sided (it is four-sided in S. Mariensii ), 
but soon ceases to form new segments, the further growth being effected by 
intercalary division of the segments and elongation of the cells which proceed from 
them. After the cessation of the apical growth, the end of the still very short 
rhizophore swells up into a spherical form ; its cell-walls become thicker, and in 
the interior of the swelling the first rudiments of the true roots originate, which 
however do not break through until the rhizophore has attained such a length by 
intercalary growth that its swollen end penetrates into the ground. The cells of this 
terminal part become disorganised and deliquesce into a homogeneous mucilage, 
through which the true roots penetrate into the ground. The rhizophores, as Pfeffer 
has shown (in S. Mariensii , imnjuali/olia, and lev ig a to), are often transformed into 
true leafy shoots, which at first show some deviations from the normal structure in 
their leaves, but afterwards continue to grow as normal shoots, and even produce 
sporangiferous spikes. 

In Selaginella cuspidata , and some other species, there arc no rhizophores, but 
roots spring immediately from the places nearest the ground where the stem 
branches, and, like the rhizophores of S. Mariensii, \ they branch even before they 
reach the ground. These roots are also formed very early, near the puncium 7 'ege- 
taiionis, probably at the same time as the branches of the stem. The roots which 
spring immediately from the stem, as well as those which proceed from the 
rhizophores, branch in such a manner that the planes of the successive branchings 
cross one another at right angles. The branchings of the roots follow one another 
very quickly, and at the end of the mother-root are densely crowded; the apical cell 
is difficult to detect, but is probably, like those of the stem and of the rhizophore, 
two-sided (four-sided in S. Mariensii). It soon ceases to form segments ; the 
increase of length of each branch of the root takes place thejeforc almost exclusively 
by intercalary growth. Similar phenomena are observable in the roots which 
proceed from the furrows of the stem of /socles , and which branch (by true 
dichotomy) three or four times in planes at right angles to one another. Nageli 
and Leitgeb failed to find in them any apical cell distinguished by its form or size, 
although they considered the existence of a two-edged apical cell probable k (See 
Fig. 138, after Hofmeister.) In Jsoeies the plane of the first dichotomy is parallel 
to the axis of the stem, in Selaginella {cuspidata and bvigaia) the plane of branching 
is at right angles to it. 

The Sporatigia of the Ligulatse are of considerable size in proportion to the leaf, 
and are borne on short thick stalks. Each fertile leaf bears a single sporangium 
which always lies below the ligula either on the leaf itself {Isoeies), or in its axil, or 
even on the stem ( Selaginella ). 

The sporangia of Isoetes are sessile in the fovea of the leaf-sheath, to which 
they are attached by a narrow base (Fig. 334, A). They are unquestionably 
products of the leaves ; the outer leaves of the fertile rosettes produce only macro- 

1 [According to Bruchmann, there is not a single apical cell, hut a meristem resembling that of 
some rhanerogams.J 
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sporangia, the inner ones only microsporangia, the former containing a large number 
of macrospores. Both kinds of sporangia are imperfectly chambered by bands of 
tissue ( trabecula ?) which cross from the ventral to the dorsal side. ^The sporangia do 
not dehisce, but the spores escape by the decay of the wall. 

In the Selaginellea the sporangia are shortly stalked roundish capsules. The 
macrosporangia contain usually four, less often two or eight macrospores. In the 
division of Articulate the lowermost sporangium only of a spike produces macro- 
spores ; in the other divisions there are several macrosporangia. The sporangia do 
not take origin, as Hofmeister’s older accounts would seem to show, from single cells 



]• IU. W7-— IVwlopinent of the sporangia and spores of SAajjtmfht inaqualifolta ; the order ol succession is indie a ted 
by the letter* A—l ». A and li serve for .all the sporangia, C and D for the tuicrospnrangia only ; 7- division of the niothet- 
eells of the microspores, h four nearly ripe spores ; in A, C and D, it, b are the two layers of the wall of the sporangium, 
. is the tapetuiu, Y the primary mother-cells of the spores ( A , U and /T X ; C and P \ sum). 


of the epidermis, but, as in Lycopodium , from a group of such cells (according to 
Goebel , ). 

The sporangia arise on the growing-point of the stem immediately above 
the base of the corresponding leaves, but this by no means justifies us in regarding 
them as cauline organs as Russow does. Like thos^ of Lycopodium , they at first 
appear as flattened protuberances which become more or less spheroidal at a later 
period and finally clavate. At a later period the sporangia appear to be inserted 
in the axil of the leaves or on their base. The fibro-vascular bundle of the leaf runs 


1 [IJeit z. Vcrgl. Ek l£ck. cl, Sporangien: Hot. Zeitg. 1881.] 
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beneath the sporangium without giving off a branch to it. By repeated divisions of 
the primary cells a mass of tissue is formed which is differentiated into an outer layer 
of cells, the wall of the sporangium, and an internal group of cells, one of which is 
the archesporium ; the tapetum (Fig. 337, c) is formed toward the free surface of the 
sporangium, from cells which are cut off from the archesporium, and it is completed 
toward the base by cells which are cut off by tangential walls from the cells which 
surround the archesporium. The cells forming the wall also undergo division by 
walls parallel to the surface, and thus the wall of the sporangium comes to consist of 
two layers (Fig. 337, a, 5 ). The mother-cells of the spores are produced by repeated 
divisions of the a r chcsporial cells. These cells soon become isolated and round 
themselves off, and, in the case of the microsporangia, they all divide, after an indicated 
division into two, into four tetrahedrally-placed spores which retain their relative 
positions until they reach maturity (Fig. 337, E, g, h\ In the macrosporangi*, on 
the other hand, one of the mother-cells grows more strongly than the rest; it divides 

and gives rise to the’four macrospores, all the 
other mother-cells remaining undivided but 
continuing to exist (at least in Selaginella 
unequal if olia) for a considerable time. The 
macrospores are arranged, in consequence 
of the mode of division of the mother cells, 
as the corners of a tetrahedron, an arrange- 
ment which persists until they are set free. 
Very commonly weakly macrospores are to be 
found in otherwise normal spikes of sporangia. 
'Fhe tapetum persists until the spores are ripe, 
whilst in the case of Ferns it is absorbed 
during the formation of the spores. 

[In the case of ho?lcs, it has been shown 
by Tchistiakoff, by Hegelmaier, and by Goe- 
bel, that the sporangium arises from a group 
of cells at the base of the leaf, this group 
including cells belonging to the three superficial layers of their tissue. In con- 
sequence of cell -division and growth the sporangium soon appears as a swelling 
in the fovea. As in the Selaginelleae, the fibro-vascular bundle of the leaf runs 
beneath the sporangium without giving off a branch to it. The most deeply-placed 
ceils of the group form the short thick stalk of the sporangium ; the superficial layer 
forms its wall ; the intermediate layer constitutes the archesporium, from which the 
mother-cells of the spores as well as the trabeculae are derived. In the micro- 
sporangium the archcsporial cells elongate and are divided by walls parallel to the 
free surface of the sporangium, and thus rows of cells are formed. Of these rows 
some undergo no further change, and these form the trabeculae. In the others 

either single cells or groups of cells increase in size and become divided by both 
transverse and longitudinal walls ; these divisions produce a tapetal layer at an early 
stage which surrounds each group of spore-mother-cells. The differentiation of the 
macrosporangia proceeds in much the same manner, but here the sporogenous 
cells of the archesporium only undergo such divisions as are necessary for the 
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formation of the tapetum, the remaining cells being spore-mother-cells. The tapetal 
cells then divide by transverse and longitudinal walls, so that the spore-mother-cells 
come to lie deeply within the tissue of the sporangium. 

In the macrosporangium of Isoeies each spore-mother-cell divides to form four 
macrospores ; its nucleus divides into two and each of these again into two, before 
any intervening cell-wall is formed. There is this peculiarity about the mode of the 
division, that the protoplasm, as in the delevopment of the spores of Anthoceros , 
begins to divide before the nucleus. The spore-mother-cells of the microsporangium 
divide in a different manner, the only other known instance of the kind occurring in 
the pollen-mother-cells of Monocotyledons 1 . In them the nucleus divides into two, 
and this is followed by the formation of a cellulose wall between the two cells : the 
nucleus of each of these then divides, and a wall is formed between the resulting 
cells. It is in this way that the four 'special' mother-cells of the microspores 
are produced.] 



YUl. -^9 — A transverse si*« tion of the stem of W.fj, ; utlla ii/ai.t. the cent) 

b air-e.vvity MiriouiulniK a bundle wliu li is lieinjj tjive 

Histology 2 . In the Sclaginclleae, to which group the following remarks more 
especially apply, the epidermis of the stem consists of long proscnchymatous cells 
between which no stomata occur. The cells of the epidermis have often beautifully 
sinuous lateral walls, and, like those of the Ferns, they contain chlorophyll which 
occurs in these cells as well as in the cells of the fundamental tissue of the leaf in the 
form of large granules, only a few of which are to be found in each cell (Fig. 44). The 
leaves usually possess stomata on the under surface only, but they occur on both surfaces 
of the small leaves of S. pubescent. In several species (such as S. stenophylla and Martensii) 
single epidermic cells occur with walls so thickened that the lumen is almost occluded. 
(Russow). In most of the species the epidermis of the upper differs from that of the 
under surface, in others (S. Galeotti , Kraussiatm) the epidermis of the two surfaces is 
of the same nature. 

The Fundamental Tissue of the stem consists, as in Lycopodium, of elongated cells 
with septa which are either oblique or transverse: the§e cells retain, however, their 
thin walls and large cavities, in contrast to what is usually the case in the Lycopodieae, 
the hypodermal layers only becoming thick-walled (Fig. 340). It appears that the cells 
of the fundamental tissue, and consequently those of the other tissues also, are capable 

1 [Strasburger, Zellbildung und Zcllthcilung, 3rd cd. f 1880, p. 167.] 

2 [For further details see De Bary, Vergleichende Anatomic, 1877.] 
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of long-continued growth both in length and in circumference, which accounts for the 
intervals between the leaves of old stems and for considerable thickness of the stems 
themselves, a fact which is worthy of investigation not only with reference to these 
plants, but also to the Lycopodiear and many Ferns. It is a striking peculiarity of the 
Selaginellcsc that the ground-tissue (as also in the stem of Mosses) presents none of 
the usual small intercellular spaces, a result probably of the prosenchymatous arrange- 
ment of the cells. This is compensated for by the development of a large air-cavity, 
which everywhere surrounds each fibro-vascular bundle of the stem (Figs. 340 and 341). 
1 his cavity is traversed by transverse rows of ceils forming trabecula* attached to the 
bundle : if the cells are somew hat rounded, the bundle appears to be surrounded by 
a loose spongy parenchyma (Fig. 339), which is sharply defined from the firm compact 
ground-tissue. The ground-tissue of the leaf is a loose spongy parenchyma containing 
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chlorophyll ; in small species with thin leaves this tissue is developed only round the 
single fibro-vasciilar bundle traversing the leaf, so that at the margins the epidermis of 
the upper and that of the under surface coine into contact. 

The Fibro-vascular Pundits, one or more of which traverse the stem, arc cauline, 
like those of the Lycopodiese. 1 hey can be traced in the form of procambium beyond 
the youngest leaves up into the apex of the stem to close beneath the apical cell. The 
separate bundles coming from the leaves become united with the cauline bundles in 
these plants, as in the Lycopodicic, only at a later period. In their composition the 
fibro- vascular bundles resemble those of the true Ferns. They have usually an elon- 
gated elliptical form. 7 he xylem is central, consisting tor the most part of scalariform 
tracheides, and it is surrounded by the thin-walled phloem (Figs. 339, 340). The very 
narrow spiral vessels (Fig. 341) which arc the primary elements of the xylem lie at the 
ends of the long axis ot the bundle, and it is from these two points that the development 
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and lignification of the wider tracheides proceed (Fig. 339). The layer of phloem which 
invests the *ylem is itself surrounded by two or three layers of parenchymatous cells, 
which Russow compares to the phloem-sheath of the Ferns, but which must at any 
rate be regarded as forming a bundle-sheath belonging to the ground-tissue, investing 
the bundle within the above-mentioned air-cavity. A well-defined sheathing layer com- 
posed of cells with folded lateral walls is not to be found in the stem or in the leaves. 
In the latter, the fibro- vascular bundles are delicate and of simple composition: the 
xylem consists of spiral and reticulated tracheides, and it is invested by a scanty phloem. 

To this brief description must be added a few words with respect to Ijoetes . The 
short stem of the mature plant contains an axial woody body which can scarcely be 
termed a bundle, consisting of short tracheides loosely united, with spiral or reticulated 



Fir.. ^41 — \tuu;tHf/la ttiu‘i/u,th/,>/ia , lon^jturlin.il station through the light side ol the axis of a spike S, the base 
of the leaf t>, tin* hgule >i. and tin* sporangium \p . /'point w litre- tin* caulinc and loll. tiljro-v.ucular bundles unite; 

/ air-conducting intercellular spaces; 1 series ol cells tiasersmg the spaces. 

thickening bands, and of delicate parenchymatous cells, which is invested by a layer 
of clear, shortly prismatic cells with large but delicate pits on their walls: these Russow 
considers to represent the phloem. The bundles appear to be built upon the collateral 
type, the phloem forming a continuous ring external to the xylem. The fibro-vascular 
bundles proceed, one into each of the very numerous leaves (Fig. 333) and into the 
roots. The stem of losetes probably does not possess any cauline fibro-vascular bundle 1 

1 [Hegel maier (Hot. Zeitg. 1874) and Jtruchmann (Jenaische Zeitschrift, 1874') are of opinion 
that the apical portion ol the fibro-vascular body is really a cauline bundle. l)c llaiy, however {Joe, 
cit .), does not accept this view.] 
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at all; it would appear rather, from the position of the vessels, that the axial fibro- 
vascular body consists only of the lower (inner) commencements of the foliar bundles, 
which are here densely crowded. In the same manner the basal disc-like woody 
body may consist only of the densely crowded commencements of the bundles of the 
roots. If this view is correct, the class of Dichotomese presents two extremes, one 
in Psilotum , where the foliar development is small, and where there are, according to 
Niigeli, no foliar bundles, but the elongated stem forms a fibro-vascular bundle belong- 
ing to it only; the other in Isoetes, where the short stem possesses no cauline fibro- 
vascular bundle, and only the strongly developed leaves have one each. The structure 
of the leaves of Isoetes varies according as the species grow submerged in water, in 
marshes, or on dry ground. In the first case they are long and conical, penetrated by 
four air-cavities divided by septa into channels, with a weak fibro-vascular bundle in 
the axis of the organ, and the epidermis destitute of stomata; in the second case they 
are similar, but provided with stomata and strands of hypoderinal fibres; in the third 
case the epidermis is also provided with stomata, and the basal portions of the dead 
leaves (phyllopodes) form a firm black coat of mail round the stem. The ground- 
tissue is not separated from the single fibro-vascular bundle traversing the leaf by a 
bundle-sheath ; according to Russow it forms sclcrcnchyma under the epidermis which 
is usually colourless, in Isoetes Hystrix , and dark brown sclcrenchymatous strands which 
constitute most of the sheathing portion of the leaf. 

Subsequent Continuous Growth in hie km ss of the Stem . Outside the layer of clear 
tissue (phloem) which surround* the central woody mass of the stem of Isoetes is a 
layer of meristematic cells by the activity of which the stem grows in thickness: it 
forms phloem-cells internally, thus adding to the fibro-vascular mass, and cortical paren- 
chymatous tissue on its outer side. The cortical tissue is formed much more rapidly 
than the fibro-vascular, and thus, in an old stem, the cortex is the preponderating tissue. 
This meristematic layer is evidently not analogou s to the cambium of Dicotyledons and 
Conifers inasmuch as it forms fibro-vascular tissue on one side only, whereas in these 
groups of plants the cambium forms fibro-vascular tissues on both surfaces, xylem in- 
ternally and phloem externally. It is rather to be compared to the thickening-ring of 
Dracwua and other arborescent IJliacea? in which a continuous growth in thickness 
of the stem occurs. This view is supported by the fact that isolated bundles are 
occasionally formed by this meristematic layer in the stem of Isoetes. Thus Russow 
says that he found ‘ lying round the central woody mass of the stein of a robust 
specimen of Isoetes lacustris , but separated from it by five or six layers of cells repre- 
senting soft-bast, xylem bundles (consisting like the central xylem of shortly fusiform 
cells with irregular spiral thickenings) invested both on the outside and on the inside 
by tabular cells; between these, the bundles radiating from the central woody mass 
to the older dead leaves are disposed.’ No connexion could be traced between these 
bundles and cither leaves or roots. 

A similar but much more considerable growth in thickness by means of a layer of 
meristem surrounding the axial fibro-vascular bundle has been recently shown by Pro- 
fessor Williamson to have occurred in the extinct Lrpidodendra which arc so commonly 
present in the Coal Measures, and which are evidently closely allied to the Selaginellca*. 
In these plants, however, if I rightly interpret Professor Williamson’s account, it appears 
that a phellogen layer also existed at the periphery of the stem in correlation with the 
considerable growth of thickness resulting from the activity of the internal layer of 
meristem. These facts, taken in connexion with the probability of a growth in thickness 
of the stem of Bo try chi urn, seem to indicate that this growth is generally wanting in the 
existing Vascular Cryptogams because they are less highly developed than their remote 
ancestors. 

[Professor W. C. Williamson has contributed the following note on the Carboniferous Iiyco- 
podiaceflB : — ‘The large and varied group of the I .ycopodiaceous plants of the Coal Measures exhibits 
so many modifications that it is difficult to give a brief statement of their characteristic features. Put 
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so far as the Lepitlodendroid and Sigillarian forms are concerned, otir British forms all exhibit one 
type of internal organisation. In the very young state each twig has a central bundle of scalariform 
vessels surrounded by a "bark,” which usually exhibits an inner parenchymatous layer surrounded by 
a more prosenchymatous one, which is again invested by a second but more unequal parenchyma. 
This prosenchyma, as in Catamites , increases steadily in thickness as the growth of the stem 
advances, until it appears to constitute the chief tissue of the bark. Bundles of vessels given 
off by the central vascular axis proceed to each of the leaves. As the twig enlarges, the 
central axis almost invariably expands into a vascular cylinder, its interior becoming occupied 
by a cellular parenchyma of large size, and which now occupies the position and exhibits the 
appearance of a true medulla. The parenchyma of the leaves appears to be an extension of 
the outermost parenchyma of the bark. The above remarks appear to represent the common 
history of all the Lepidodemlroid plants up to a certain stage of their growth. Beyond this stnge 
their histories vary somewhat in the different groups. Tn some forms, e.g. those to which the 
llalonix belong, the branches attain considerable dimensions without undei going any great change 
in their internal organisation ; but in others a new development of vascular tissue invests the central 
cylinder at a period which seems to have varied in different species. This new growth takes place 
in successive layers, which are arranged in vertical lamina: disposed in radiating planes separated by 
tracts of muriform parenchyma; successive additions are made to the outer margins of the woody 
wedges previously formed through the agency of a pscudo-cambial layer of the innermost * bark,’ 
These exogenous growths continued until the woody zone attained to a great thickness in the larger 
trunks. These exogenous layers took no part in supplying the leaves with vessels. The foliar 
bundles invariably pass thiough them on their way from their source in the inner non -radiated 
vascular cylinder to the leaves. It being now admitted that Stigtnaria was the general form of root 
of I .epidodeiulroid and Sigillarian types it is necessary to correlate its tissues with those of the 
aerial stem. It contains a "medulla” surrounded by a cylinder composed of radiating vascular 
lamina.' separated by cellular rays, and enclosed in a thick "bark.” Large vascular bundles are given 
off from the vascular wedges to supply the rootlets. Thus the structure of the root differs from that 
of the aerial stem in two ways. (1) The inner vascular cylinder of the latter, characterised by the 
non-radiating arrangement of its vessels, by the absence of "cellular rays,” and by the numerous 
foliar bundles which it gives off to the leaves, is altogether wanting in the former. (2) On the other 
hand, the exogenous zone of the stem is prolonged into the toots, retaining all its moie important 
features. These however are modified in two ways — 1st, in the absence of small passages for the 
transmission of foliar bundles of vessels; and, 2nd, in their replacement by much larger spaces 
having a lenticular section, and through which large vascular bundles, directly derived by enlarging 
from the exogenous lamina: themselves, pass outwards to the succulent rootlets. The rootlets of 
Stigtnaria Jicoides, which equally belong to Sigillaria and to Lepidodctnhon, have a very remarkable 
internal organisation, identical with that which is characteristic of the roots of recent Lycopods, 
a fact which affords additional confirmation of the close affinity of the Stgillarice and the Lepi- 
dodetidra. That Lepidnstrobi are the fruits of Lepidoclcndroid plants is ceitain. Equally so is it 
that many of the fonner produced microspores in the upper sporangia of each cone, and macro- 
spores in those occupying its basal end. The incalculable myriads of these macrosporcs found in 
many coals render it probable that a very large number of the Lepidostrobi possessed both kinds 
of spores; indeed it is far from certain that any of them did otherwise. In the gieat majority 
of cases the sporangia of these fruits arc shrivelled and empty, the spores having been shed; and 
this renders it impossible to say what their original character was 1 .’] 


1 [For the literature of the Carboniferous Lycopodiacere see Brongniart, Archives du Mus. 
dTlist. Nat. vol. 1 , and Journ. Bot. vol. VI 1 . pp. 3-8. — King, Edin. New. Phil. Journ. vol. XXXVT. 
— Hooker, Mem. Geol. Surv. vol. 11 . — Carruthers, Monthly Mic. Journ. vol. I. pp. 177 181 and 
225-227 ; Quart. Journ. Geol. Soc. vol. XXV. pp. 248 254. — Williamson, Phil. Trans, vol. CLXII. 
pp. 197- 240, and Phil. Trans, vol. CLXX 1 I. Part II, 1S81. — Thiselton Dyer, Quart. Journ. Mic. Sc. 
1873, pp. 153-156.] 
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PHANEROGAMS. 

The Alternation of Generations in Phanerogams is concealed in the formation 
of the Seed, which, at least in its earliest stage, consists of three parts: — (i) The 
Testa, which is a part of the mother-plant; (2) The Endosperm' ; and (3) The 
Embryo , which is the product of the development of the fertilised oosphere. 

In Vascular Cryptogams we have already seen the sexual generation which 
results directly from the spore, the prothallium, losing more and more of its character 
as an independent plant. In the Ferns, Equisetaccae, and Ophioglossacea.* it grows 
independently of the spore, often for a considerable period ; in the Rhizocarpcx and 
Ligulata.% whyre male and female spores are formed, it arises in the interior of the 
spore, the female prothallium still protruding, in the former group, out of the cavity 
of the macrospore, but remaining united with it; while in Jsocles it fills up the 
interior of the macrosporc as a mass of tissue which only bursts the cell-wall of 
the spore in order to rendei the archegonia accessible to the antherozoids. In the 
Cycadex* and Conifera? this metamorphosis is carried one step further ; the pro- 
thallium 1 2 * , which is now known as the Endosperm , remains during its whole existence 
enclosed in the macrospore or Embryo- sac ; it produces before fertilisation arche- 
gonium-likc structures, the 4 Corpuscula,' in which the oosphoros arise. The pro- 
cesses which take place in the embryo-sac of Monocotyledons and Dicotyledons 
appear somewhat different, and bear a greater resemblance to what takes place in 
the macrospore of S< lay? net la In this genus, besides the prothallium which pro- 
duces the archegonia, there arises subsequently, by free cell-formation, another tissue 
which fills up the rest of the space of the macrospore; to this tissue the endosperm 
of Monocotyledons and Dicotyledons, which is formed by free cell- formation only 
after fertilisation, appears to correspond :t . If, therefore, the embryo-sac is the 

1 The only reason why the ripe seeds of many Dicotyledons do not contain any endosperm is 
because it has already been absorbed and supplanted by tin* rapidly growing embryo before the seeds 
become ripe; while in others this absorption happens only 011 germination alter the ripening of 
the seeds, i. e. on the unfolding of the embryo; more rarely the formation of endosperm is from 

the first rudimentary. 

* The analogy of the endosperm with the prothallium of the higher Cryptogams was first shown 
by Ifofmeister (Vcigleich. Unteisuch. 1851), [Germination, Development, and Fructification of the 
Higher Cryptogamia, Kay Snc. 1862, p. 43.x j. 

a Compare ITeffcr in JIanstcin’s botanical Dissertations, ITeft. IV. p. 24. The ‘Antipodal 
Cells’ in the embryo-sac of Angiosperms may probably be considered as a rudiment of the true 
prothallium. [According to Strasburger (Angiospernicn uml Gymnospermen, 1 879) not only the 
antipodal cells and the egg-apparatus, but also the endosperm of the embryo -sac of Angiosperms, 
represent the prolhalJium {endosperm) of the Gynmo*.pcnns and of the Vascular Cryptogams. This 
view leaves the ‘endosperm* of Selnginella without any representative in other groups of plants. 
Goebel lias however expressed the opinion (Hot. Zeitg 1 SSo) that the endosperm of Selagimlla 
coi responds to the antipodal cells of Angiosperms.) 
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representative of the macrospore, that part of the ovule in which the embryo-sac 
arises (the nucellus ) must be considered the equivalent of the macrosporangium. 
But, as in the formation of the ovules of Monocotyledons and Dicotyledons, certain 
processes of development (the formation of the archegonia or * corpuscula ’), being 
no longer necessary, are suppressed, and the oosphere is immediately produced 
within the embryo-sac as the analogue of the macrospore, so also the production 
of the embryo-sac immediately from the tissue of the nucellus of the ovule is more 
direct. Its production is due to the increase in size of an inner cell of the nucellus 
which here represents the sporangium. But while even in the most highly developed 
Cryptogams the macrospore still becomes detached from the mother-plant, and the 
full development of the prothallium takes place only after the dissemination of the 
spores, so that the embryo always arises in structures distinct from those of the 
mother-plant, the embryo-sac (or macrosporc) of all Phanerogams remains, on 
the contrary, enclosed in the ovule, the endosperm in the embryo- sac, and the 
embryo in the endosperm. Jn this manner arises that structure peculiar to Phane- 
rogams, the Seed, the testa of which, the product of the envelopes of the ovule, 
closely invests both endosperm and embryo. The whole becomes separated from 
the mother-plant after the embryo has attained a certain very variable degree of 
development. Germination consists in the further development of the embryo at 
the expense of the endosperm. 

If, on the other hand, the microsporcs of Sehiginella and Jsocles are compared 
with the pollen-grains of Phanerogams, a series of analogies is again seen which be- 
comes intelligible on comparing the intermediate phenomena presented by Gymno- 
sperms. Indications of the male prothallium and antheridium are indicated, as 
Millardet and Pfeffer have shown, by certain cell -divisions which may also be recog- 
nised in a simpler form in the pollen-grain of Gymnosperms and in a still simpler 
form in those of Angiosperms. Like the microspores, the pollen-grains contain the 
male fertilising substance, which, passing into the oosphere, causes it to develope the 
embryo ; but a great difference is displayed in the mode in which the fertilising 
substance is conveyed. In Cryptogams the fertilising substance takes the form of 
anthcrozoids endowed with motion and adapted to force themselves, with the 
assistance of water, into the oosphere through the open neck of the archegonium. 
In Phanerogams, where the oosphere is enclosed in the embryo-sac and ovule, and 
in Angiosperms by the wall of the ovary in addition, such a conveyance of the 
fertilising substance would not serve the purpose intended; the pollen-grains are 
therefore themselves conveyed to the ovule by foreign agencies, such as the wind, 
mechanical contrivances in the flowers, and especially insects; and then germinating 
like spores, they emit their pollen-tubes, which, penetrating through the tissue of the 
ovule, finally reach the cmbryo-sac, and transmit the fertilising substance to the 
oosphere. The analogy of pollen -grains to spores becomes still more evident when 
we examine the mode of origin of both. The mass of tissue in which the pollen is 
formed, the pollen-sac, shows, not only in its morphological but also in its anatomical 
relationships, a striking resemblance to the sporangium of Vascular Cryptogams. 
As in the latter the spore-mother- cells are formed by the isolation of cells previously 
combined, so also are the mother-cells of the pollen ; and as the former themselves 
usually produce the spores by division into four, after previous indication of a 
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bipartition, the pollen-cells are produced from their mother-cells in a similar manner. 
Moreover, in the points here indicated Gymnosperms again appear as a connecting 
link between Cryptogams and Angiosperms; the pollen-sacs of Cycadeae and of 
some Conifer# closely resembling, in form and position, the sporangia of some 
Vascular Cryptogams. 

The general result of these observations is that the Phanerogam, with its 
pollen-grains and its embryo-sacs, is equivalent to the spore-producing (asexual) 
generation (Sporophorc) of the Vascular Cryptogams. But as in Vascular Cryp- 
togams the sexual differentiation first makes its appearance (in Ferns and Equise- 
tace#) in the prothallium only, and next (in Rhizocarpeae and Ligulat#) in the 
spores themselves, so, in Phanerogams, this process is carried back a step further, 
the sexual differentiation arises still earlier, being manifested not only in the forma- 
tion of embryo-sac and pollen-grains, but also in the difference between ovule and 
pollen-sac, and between the leaves bearing them (carpels and stamens), and even 
earlier in the distinction between male and female flowers, and last of all in the 
dioecious condition of the plants themselves 1 . [The sexual generation (Oophore) 
is represented in the pollen-grains (microspores) by the formation of cells within 
them which correspond to a male prothallium, and in the embryo-sac (macrospore) 
by the formation of the egg-apparatus, antipodal cells, and endosperm, which together 
correspond to a female prothallium. A distinct alternation of generations can there- 
fore be traced in the life-history of a Phanerogam.] 

The fertilised oosphere of Phanerogams produces a Suspcnsor , growing towards 
the base of the embryo- sac and dividing, a structure which we have already met with 
in Sctaginella , on the apex of which there is a mass of tissue at first almost globular, 
which is the embryo. The development of the embryo usually proceeds, even 
before the maturity of the seed, to such an extent that the first leaves, the primary 
axis, and the first root, can be clearly distinguished. It is only in parasites and 
saprophytes devoid of chlorophyll that the embryo usually remains rudimentary until 
the dissemination of the seeds without discernible external differentiation ; while 
in those Phanerogams which contain chlorophyll the embryo not unfrequently 
attains a very Considerable size and external differentiation (as in Finns, Zea , 
jEsculus , Qucrcus , Fagus , Phaseotus, See.) Independently of any curving of the 
embryo, the primary apex of its stem always lies originally pointing towards the 
bottom of the embryo-sac (the base, chalaza , of the ovule); the first root (primary 
root) coincides with a posterior prolongation of the primary stem ; it faces the apex 
(micropylar end) of the embryo-sac, and is of distinctly endogenous origin, inasmuch 
as its first rudiment at the posterior end of the embryo is covered by the nearest 
cells of the suspcnsor. 

The apical cell of the punclum vegeiaiionis , which is easily recognised in many Alg#, 
in Characese, Muscineze, Ferns, Equisetaceae, and Rhizocarpeae, as the primary mother- 
cell of the tissue, has already, as we have seen, been replaced by a small-celled 
primary meristem in the Lycopodiacea?. The apical growth of the axes, leaves, and 
roots of Phanerogams also can no longer be referred to the activity of a single apical 
cell from which the whole primary meristem has proceeded. Even in those cases 


1 Compare what is said on Dichogamy in Book III. 
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where a single cell (not, however, of preponderating size) occupies the apex, and the 
arrangement of the superficial cells of the punctum vegetationis appears to point to it 
as the primary mother-cell, it is nevertheless by no means to be assumed that all the 
cells, and especially the internal mass of the primary meristem, have proceeded from 
it. The primary meristem of the punctum vegetationis consists of a large number of 
usually very small cells, more or less evidently disposed in concentric layers ; an 
outer single layer, the dermatogen , may be recognised in Angiosperms as the imme- 
diate continuation of the epidermis of the older parts, and is continuous even over 
the apex of the punctum vegetationis. Beneath it lies a second mcristematic tissue, 
[the periblem ], consisting usually of a few layers of cells, which covers the apex and 
passes lower down into the cortex ; this envelopes a third inner mass of tissue, [the 
plerome] terminating beneath the apex as a single cell 1 ( llippuris , &c.) or as a group 
of cells ; and out of it proceeds either an axial fibro- vascular body (in roots, and in 
the stems of water-plants), or the descending limb of the fibro-vascular bundles. In 
harmony with this the root-cap docs not proceed, as in Cryptogams, from transverse 
divisions of an apical cell, but arises, on the contrary, in Gymnosperms from a 
luxuriant growth of the layers of periblem of the root and from their splitting away 
towards the apex, and in Angiosperms from a similar process in the dermatogen, 
or from a special mcristematic layer the cahfdrogen 1 2 . Even the first rudiments of 
lateral structures, leaves, shoots, and roots, cannot be traced back in Phanerogams 
to a single cell in the same sense as in Cryptogams. They are first observable as 
protuberances consisting of a few or a larger number of small cells ; the protuberance 
which is to form a shoot or a leaf shows, even when it first begins to swell, an inner 
mass of tissue which is connected with the periblem of the generating vegetative 
cone, and is covered over by a continuation of the dermatogen. 

• The normal Mode of Branching at the growing end of the shoot, leaves, and 
roots, is, with few exceptions, monopodial : the generating axis continues to grow 
as such, and produces lateral members (shoots, lateral leaf-branchings, lateral roots) 
beneath its apex. Some cymose inflorescences appear however to be the result of 
dichotomous branching, and it is possible that in the Cycadese also the branching 
of the stem and leaves may be dichotomous. The monopodial branching of the 
axes is usually axillary ; i. c. the new rudiments of shoots appear above the median 
plane of very young (but not necessarily the youngest) leaves, in the angle which 
they form with the shoot, or somewhat above it. In Gvnmosperms every axil of 
a leaf does not usually produce a shoot ; sometimes (in Cycade?e), the branching 
of the stem, as in many Filicinea?, is reduced to a minimum. I11 Angiosperms, on 
the contrary, it is the rule that every axil of a foliage-leaf (/. e. one not belonging to 
the flower) produces a lateral shoot (sometimes even several side by side or one 
above another) ; but commonly the axillary buds, once formed, are inactive, or 
develope only at later periods of vegetation. In addition to the above-mentioned 


1 As in so runny other respects, here also Isoctt t& shows an affinity to Phanerogams, as is 
evident from Miigcli and Schwendener’s researches on the apical growth of roots. (Compare Nageli’s 
Beitragcn, 1867, Heft. IV. p. 136.) 

2 See TIanstein, But. Abhandl. Heft I, and Reinke, Gbllinger Nachr. 1871, p. 533. [Janczewski, 
L’accroissemcnt terminal des Racines, Mem. soc. nat. de Sci. de Cherbourg. 1874, and Ann. d. Sci. 
nat. ser. 5, t. XX.] 
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cases of apparent dichotomy, there are in Angiosperms only a few cases of actual or 
apparent extra-axillary branching, which will be mentioned when discussing the 
characteristic features of this class. 

Phanerogams are distinguished from Cryptogams by an extraordinarily varied 
and complete metamorphosis of members bearing the same name ; and this is con- 
nected with the almost infinite variety in the mode of life, and the more marked 
differentiation of the physiological functions of these plants ; and the same is the 
case with the differentiation of tissues, which in Phanerogams greatly exceeds even 
that of Ferns. In these respects also Gymnosperms assume an intermediate 
position between Cryptogams and the rest of Phanerogams. 

What has now been said will serve to explain on one hand the distinction between 
Vascular Cryptogams and Phanerogams, on the other hand the points in which they 
agree, and the affinity of the two groups in their main outlines. In order, however, to 
facilitate the comprehension by the student of the characteristics of the separate classes 
of Phanerogams which are now to be described, we must in the first place keep in 
view 7 a few of their peculiarities, which have at present only been briefly touched upon, 
and attempt to settle the nomenclature, which has become to some extent obsolete 
and out of hArmony with the nio»t recent theories. 

The Flower , in the broadest sense of the term, is composed of modified foliar organs 
and of an axis which bears them. [The most highly modified leaves of the flower are 
the stamens and the carpels : these so-called ‘sexual organs* arc really spore-bearing 
organs, comparable to the spore- producing leaves of the Vascular Cryptogams.] When 
the leaves which stand immediately beneath the sexual organs on the same axis differ 
from the rest of the leaves of the plant in their arrangement, form, colour, or structure, 
and are physiologically connected with fertilisation and its results, they arc considered as 
belonging to the flower, and are termed collectively the Floral Leaves or Perianth. 
The separate flowers arc distinguished from the Inflorescence by including, together 
with their sexual organs and perianth, only one axis, while the inflorescence is an axial 
system with more than one flower 1 . Roper has termed the tout ensemble of the male 
sexual organs of a flower the Andracium , that of the female organs the Gymeceum. 
When a flower contains sexual organs of both kinds it is called hermaphrodite or bisexual; 
if it contains only male or only female sexual organs, and is therefore unisexual, it is termed 
diclinous; when flowers of both sexes occur on the same individual plant, the species 
is moniv clous, when on different individuals it is ditreinus. Usually the apical growth 
of the floral axis ceases as soon as the sexual organs make their appearance, and fre- 
quently even earlier; the apex of the tloral axis is then concealed, and is often deeply 
depressed in the centre of the flower : but in abnormal cases (and normally in Cycas) the 
apical growth of the floral axis re-commences, again produces leaves, and sometimes 
c*\cn a new flower, and a Proliferous Flower is thus produced. The sexual organs 
and perianth of a flower are usually crowded (arranged in rosettes either spirally or 
in whorls); the part of the floral axis which bears them remains very short, no inter- 
nodes being in general distinguishable in it ; anti it not unfrequently expands into the 
form of a club or disc, or becomes hollow, and this part of the floral axis is called the 
Torus or Receptacle. In Conifera* and Cyeadea* (occasionally also in Angiosperms), it 
is however sometimes elongated to such an extent that the sexual organs appear loosely 
arranged along an axis in the form of a spike. Beneath the receptacle the axis is mostly 

1 In some cases it is however difficult to distinguish between a flower and an inflorescence* 
ns in some Conifers, and especially in Euphorbia. (On the latter, see Warming in Flora, 1S70! 
no. 2 5 ; Schmitz, do. iN;j, nos. >7, 28; and Ilieiommus, lint. Zeitg. 1872, no. 1 2.) [L. Wanning, 

Lr Koppcn hos Vortemaclken cn bloinsl tiler en Blou^tc inland. Kobcnhavn 1.871. | 
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elongated and more slender, either entirely naked or bearing one or two small leaves or 
Bracteoles . This part of the axis is the Peduncle ; if it is very short, the flower is said to 
be sessile. No shoots usually arise from the axils of the floral leaves, even when they 
are produced in all the other leaf-axils of the plant ; there occur, however, abnormal 
cases (which are not very uncommon) of axillary branching or prolification even within 
the flower. 

The male spores or Pollen-grains are equivalent to the microspores of the higher 
Cryptogams, and arise in receptacles corresponding to the sporangia in those plants, 
which may be termed in general Pollen-sacs . These arc at first solid masses of tissue 
in which, as in the sporangia, an inner mass of cells becomes differentiated into the 
mother-cells of the pollen-grains (at first by more vigorous growth of the single cells), 
while the surrounding layers of tissue become developed into the wall of the pollen-sac. 
[The mother-cells of the pollen-grains are derived from one or more hypodcrmal cells 
constituting the archesporium , which is invested by a layer of peculiar cells, the tapetum : 
the tapetal cells are derived cither entirely from the archesporium, or entirely from 
the tissue of the anther, or partly from the archesporium and partly from the tissue 
of the anther 1 .] It has already been mentioned that the mother-cells of the pollen 
become separated and detached from the tissue (though this rule is subject to ex- 
ceptions), and then produce the pollen-cells by division into four after actual bipartition 
or at least an indication of it. A special description of these processes will be given under 
the heading of the separate classes; at present we must however premise a few facts 
relative to the morphological nature of the pollen-sac. Like the sporangia of most 
Vascular Cryptogams, the pollen-sacs of Phanerogams are usually products of the leaves, 
which however mostly undergo in this case a striking metamorphosis, remaining much 
smaller than all the other leaves. A leaf which bears pollen-sacs may be termed a 
Staminal Leaf or Stamen; the most recent researches have, however, shown cases in 
which the pollen-sacs arise on the elongated floral axis itself, as Magnus has illustrated 
in the case of Naias , Kaufman n in Castiarina , and Rohrbach in Typha ; in these cases it 
is still doubtful whether the pollen-sacs may not be the only surviving portions of 
otherwise completely abortive staminal leaves 2 3 . In the Cycadea* the pollen-sacs grow 
singly or in groups on the under side of the relatively large stamens, often in large 
numbers, resembling in position the sporangia on Fern-leaves. In the Conifera* the 
stamens have still more lost the appearance of ordinary leaves; they remain small, and 
iorm several or only two relatively large pollen-sacs on the under side of the lamina 
which is still distinctly developed. In Angiosperms the stamen is usually reduced to a 
slender weak .and often very long stalk called the Filament , bearing two pairs of pollen- 
sacs at its upper end or on both sides beneath the apex, which are included as a whole 
under the term Anther ; the anther therefore usually consists of two longitudinal halves, 
united and at the same time separated by a part of the filament termed the Connective. 
The two pollen -sacs of each half of the anther are contiguous throughout their length, 
and frequently both halves of the anther are in close apposition. T he separate pollen- 
sacs then appear as compartments of the anther, which is in this case quadrilocular, in 
contrast to those anthers (of rare occurrence) in which each half contains only a single 
pollen-sac, and which are therefore bilocular. 

The female spore or Embryo-sac, the analogue of the macrospore, is usually derived 
from a hypodcrmal cell of the nucellus of the ovule, which must be regarded as the 
archesporium, the ovule itself corresponding to the macrosporangium of the hetero- 
sporous Vascular Cryptogams 8 . The nucellus is a small-celled mass of tissue of usually 


1 [Warming. Unters. \ib. Follcnhildende Phyllomc und C'aulotne, in Hnnstcin’s Hot. Abhandl. II. 
1S70: also Goebel, loc. cit. | 

a (For instances of the production of pollen grains in abnormal positions, even in ovaries or in 
the ovules themselves, see Masters, Vegetable Teratology, Ray Soc. London 1869. pp. 1S2 1S8.] 

3 [See Strashuigcr, Angiospcrmen und Gynmospei men, 1S79 ; and Goebel, he cit. j 
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ovoid form, and enclosed, with a few exceptions, in one or two envelopes, each of 
which consists of several layers of tissue. These envelopes or Integuments grow round 
the young nucellus from its base (the chalaza), and form at its apex — where they ap- 
proach and often greatly overtop it — a canal-like entrance, the Micropyle or Foramen , 
through which the pollen-tube forces its way, in order to reich the apex of the embryo- 
sac. Very commonly the nucellus, enclosed in its integuments, is seated on a stalk, the 
Funiculus ; but this is sometimes wanting, and the ovule is then said to be .sessile ; the 
point of attachment of the ovule to the funiculus is termed the hilum. The funiculus 
is, with a few exceptions (Orchideac), penetrated by an axial fibro-vascular bundle which 
usually ceases at the base of the nucellus. The external form of the ovule when in a state 
for fertilisation is very various. Independently of outgrowths of various kinds at the 
funiculus and the integuments, the direction of the nucellus (together with its coats), 
with respect to the funiculus, is of especial importance. The ovule is orthotropous when 
the nucellus lies in the same straight line as the hilum and chalaza, which coincide 
in position, and the apex of the nucellus is the apex of the entire ovule. Much more 
frequently the ovule is anatropous , i.e. the apex of the nucellus, and therefore the 
micropyle which projects beyond it, lies close to the hilum, the chalaza being at the 
opposite end, and the funiculus runs along the side of the nucellus, so that the ovule 
appears as if sharply curved at its base; the integuments (or at least the outer one) have 
united in growth with the ascending funiculus, which, so far as this union is complete, 
is termed tl^ Raphe; the nucellus itself being in this case straight. Much less com- 
mon is the campy lot ropous ovule, where the nucellus itself (together with its coats) is 
curved ; its apical part, and therefore its micropyle, chalaza and hilum, lie close to- 
gether at its base. These are, however, only the most striking foims, which are 
united by transitional states. The place from which the ovules spring is called the 
Placenta , and belongs to the axis of the (lower, or more commonly to the carpels 
themselves. The placenta- often do not show any peculiar phenomena of growth ; but 
more commonly they project like cushions, and may thus assume the appearance of 
special organs, finally becoming detached from the surrounding tissue. While after 
fertilisation, both the endosperm and the embryo arc undergoing simultaneous develop- 
ment in the embryo-sac, the former most commonly increases considerably in size, and 
supplants the surrounding layers of tissue of the nucellus (sometimes even of the inner 
integument); and the tissue of the integument which is not displaced, or usually only 
certain definite layers of it, becomes then developed into the Testa. If a portion of 
the tissue of the nucellus, filled with food-materials, remains unchanged until the seed 
is ripe, it is distinguished as the Petisperm; its food-materials, although lying outside the 
embryo-sac, are consumed by the embryo during germination ; and the perisperm may 
then act physiologically as the representative of the endosperm 1 . The seeds of 
Pipcraceir, Zingiberacosr, and some Nymphitacea* contain both endosperm and peri- 
sperm. Sometimes the ovule, during the period of its development into a seed, is 
enveloped from below by a new coating, which usually itself surrounds the tough testa as 
a soft mantle, and is termed the Aril. Of this nature is the red pulp which surrounds 
the hard-shelled seed of the Yew; and the origin is the same of the so-called ‘ macc ’ of 
the nutmeg, the seed of Myristicc fragrans. 

If we now turn our attention to the morphological nature of those structures from 
which the ovule immediately springs, we find a considerable variety. Only rarely docs 
the orthotropous ovule appear as the prolongation or terminal structure of the floral 
axis itself, so that the nucellus forms directly the vegetative cone of the latter, as in 
Taxus and the Polygonaccar. It is more usual for the ovule to grow laterally on the 
floral axis, thus corresponding in position to a leaf, as in Junipcrus, Primuluceae, and 

1 [The endosjjerm and perhpemi are generally both included in Knglish text-books under the 
term * albumen,’ a term which should by all means be avoided, as conveying the idea of a definite 

chemical composition, whereas that of the endosperm \aiics greatly.] 
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Composite. But the most common case is where the ovules spring from undoubted 
leaves — the carpels — and usually from their margin, like pinnae from the leaf (this is very 
clear, e,g, in Cycas ), more rarely from their upper (or inner) surface (as in Butomus , 
Akeb'ta, Nymphata, &c.). If the ordinary morphological definitions are applied to these 
relationships, we should have in the first-named case ovules of an axial nature, or they 
would be metamorphosed caulomes 1 ; where they spring laterally from the axis, they 
would have to be considered as metamorphosed entire leaves ; and where they proceed 
laterally from the margins of carpellary leaves, as metamorphosed pinnai. For those 
ovules which spring from the surface of carpels there is no clear analogy with any 
purely vegetative structures (*.<*. with any that do not subserve the purpose of fertilisa- 
tion) ; though in this case we may be reminded of the sporangia of Lycopodium . The 
ovules, finally, of some Gupressinea;, which appear to have an axillary position on the 
carpels, have not yet been sufficiently investigated with respect to their true relationships. 
In some cases the morphological interpretation is supported by malformations which not 
unfrequently occur. Cramer, to whom we are indebted for an admirable investigation 
of this question, has shown that the ovules of Primulaceac and Compositae, which arise 
laterally beneath the apex of the axis of the flower, become gradually transformed into 
entire leaves of the ordinary form ; and that in the same manner the ovules of Delphi - 
nium, Mvli lotus, and Daucvs , which spring laterally from the margins of the carpellary 
leaves, may become developed into ordinary parts of the lamina, as laeiniar or leaflets. 
It appears on the other hand significant that nothing of the kind has yet been 
observed in those ovules which have been interpreted above as metamorphosed por- 
tions of the axis. The development not only of normal, but still more plainly that of 
abnormal ovules, shows further that a morphological distinction exists between the 
nucellus on the one hand and the funiculus together with the integuments on the other 
hand. In those anatropous ovules which may be regarded as metamorphosed leaves or 
parts of leaves, the nucellus makes its appearance as a new lateral structure inserted on 
the rudiment of the ovule, and when this latter becomes developed in a leaf-like manner 
it appears as an outgrowth of the surface of the leaf. This fact, the morphological 
importance of which was first insisted on by Cramer, is however not universal, as is 
especially shown in the development of the ovules of Orchidcte, the nucellus of which 
unquestionably corresponds to the apex of the entire ovule, although it becomes 
anatropous by subsequent curvature ; still less possible does it appear to consider 
the nucellus of the orthotropous ovule of Taxus and the Polygonacea; as a lateral 
formation, since it is obviously an elongation of the apex of the floral axis (see Angio- 
spertns) 2 . 

The Carpellary Leaves are the foliar structures of the flower which stand in the 
closest genetic and functional relationship to the ovules. They either produce and 
bear the ovules, or arc constructed so as to enclose them in a chamber, the Ovary, and to 
form the apparatus for the reception of the pollen, or Stigma, The varying morphological 
significance of the carpellary leaves is clearly seen by a comparison of the genera Cycas 
and Juniperus. In Cycas the carpels resemble the ordinary leaves of the plant, and the 
ovules arc produced on their margins and remain entirely exposed; in Juniperus the 
ovules spring from the floral axis itself, corresponding, even in their position, to a whorl 


1 Cramer, Bildungsabweiehungen bci einigen wichtigcicn Pflanzen-familien, u. die morpholo- 
gische lkdeutung dcs Pflan/eneies (Zurich 1 86 4), is inclined to consider all ovules as metamorphosed 
leaves or parts of leaves. To this view 1 have already expressed some hesitation in the first edition 
of this book; the description here given, which differs from the earlier one, is derived as much as 
possible from diiect observation. 

a [In view of the very great variety of position in the development of the sporangia (including 
pollen-sacs and ovules) it will be on the whole simpler and more satisfactory, as Goebel has 
suggested, not to attempt to assign them to the categories of pbyllome and caulomc, but to regard 
them as organs having a morphological value of their own. J 



494 


PHANEROGAMS . 


of leaves, but the preceding whorl of carpellary leaves swell up after fertilisation, and 
envelope the seeds in a pulpy mass, the berry-like lruit ot these plants. In Primulace® 
the ovules spring from the elongated floral axis itself, and thus correspond in their 
position to entire leaves ; they are however enclosed, even at the period of their 
formation, by an ovary, consisting of the carpels and an elongated style bearing the 
stigma. In most other Dicotyledons and Monocotyledons the ovules are seated on 
the revolute margins of the carpels which have grown together into an ovary, and 
which therefore in these cases both produce and enclose the ovules. But notwithstanding 
these very considerable morphological differences, the carpellary leaves are always alike 
physiologically in being excited by fertilisation to further development during the 
maturing of the seeds, and in taking a certain share in their future history. 

Pollination ami Fertilisation. By Pollination is meant the conveyance of the pollen 
from the anthers to the stigma of Angiosperrns or to the nucellus of G ymnosperms. 
't he pollen is detained there by a viscid substance, or often by hairs, and the emission is 
thus brought about of the pollen-tube which in Gymnosperms penetrates at once the 
tissue of the nucellus, but in Angiosperrns grows downwards through the tissue of the 
stigma and the frequently very long style in order to reach the ovules ; it then forces 
itself into the mieropyle and advances as far as the ctnbryo-sac. It is only when it 
reaches the embryo-sac (in Gymnosperms however it penetrates still more deeply) that 
fertilisation of the oosphere results. A considerable time, occasionally even months, 
often elapses between pollination and fertilisation ; but commonly only a few days 
or hours. 

Pollination is rarely effected by the wind alone, those plants in which this is the case 
are said to be ancmofhiloiu ; in thi* case large quantities of pollen are produced in order 
to secure the result, as in many Conifer®. In a lew cases the pollen is thrown on to the 
stigma by the bursting of the anthers U-.£. in some Urticaccsr) ; but the means usually 
cmpl< ycd .is that of insects, and the plants in which this is the case are said to be 
t-ntoniophilous. For this purpose special and often very complicated contrivances are met 
with to allure insects and attract them to visit the flowers; and at the same time the 
object is accomplished of always conveying, where possible, the pollen to the stigma of 
a different flower to that which produced it (even when they are hermaphrodite). 
In reference to this object the parts of the flower also assume definite forms and 
positions, which will be followed out further in Book III. Here it need only be 
mentioned that insects are especially attracted to visit flowers by the nectar 
secreted in them ; this usually sweet juice is generally produced deep down among 
the foliar structures of the flower, and the form of the parts is generally so contrived 
that the insect, while it is obtaining the nectar, must place its body in certain definite 
positions by which it at one time brushes the pollen out of the anthers, at another time 
attaches it to the stigma of another flower. The diversity in the forms of flowers 
depends especially on these relationships, a comparatively simple plan of structure 
underlying them all. The organs which secrete the nectar, the Nectaries , are 
therefore of extreme importance in the life-history of most Phanerogams; they are, 
nevertheless, usually very inconspicuous, and, — which is very significant with respect to 
the relationship of morphology with physiology,— notwithstanding their enormous 
physiological importance, they arc attached to no definite part of the flower in a 
morphological sense ; almost every part is able to perform the function of a nectary. 
This term therefore does not denote a morphological but a purely physiological idea. 
The nectary is usually only a small spot at the base of the carpels (as in Nicotian a), or of 
the stamens (as in Rheum), or of the petals (e.g. Fritillaria) which, without becoming 
more prominent, produces the nectar; but frequently it is in the form of glandular 
protuberances of the floral axis between the insertion of the stamens and petals (as 
in Crucifer® and Fumariacea.). A particular organ, t.g. a petal, is often transformed, 
for the purpose of secreting and storing up the nectar, into a hollow receptacle, forming 
a spur-like protuberance (e.g. Viola) ; or all the perianth-leaves become developed into 
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hollow or pitcher-like nectaries (as in Helleborus ), or they assume the most wonderful 
forms, like the petals of Aconitum \ 

Even before fertilisation, pollination is usually followed by striking changes in the 
parts of the flower, particularly in the gynaeceum, and especially when the parts con- 
cerned are delicate; thus the stigmas, style, and corolla wither, the ovary swells up 
(as in Gagea and Puschkinia) y and the like. The most striking result of pollination 
is shown in many Orchideac, where the ovules are only formed as a consequence of this 
process. 

[The process of Fertilisation is essentially this, that protoplasmic and nuclear substance 
passes from the pollen-tube into the oospherc ; the protoplasmic substance coalesces 
with that of the oosphere, and the nuclear substance {male pronucleus) with that of the 
oosphere {female pronucleus) to form the definitive nucleus of the oospore.] 

Those changes however which are excited by fertilisation are still more energetic 
and varied than those which are consequent on pollination ; the oospore devclopes into 
the embryo; the endosperm — formed previously in Gymnospcrms— is completed in Angio- 
sperms only subsequently to fertilisation ; the ovules grow along with the ovary, their 
layers of tissue arc differentiated, become ligniiied, pulpy, dry, &c. The increase in size 
of the ovary, which is frequently enormous (in Cu cur bit a, Cocus , &c. several thousand 
times in volume), shows in a striking manner that the results of fertilisation extend 
to the rest of the plant, in so far as it affords the materials of nourishment. Striking 
changes in form, structure, and size take place after fertilisation, especially in the 
carpels, placenta*, and seeds; but very frequently similar changes result also in other 
parts. Thus, e.g. y it is the receptacle that constitutes the fleshy swelling which is called 
the Strawberry, on the surface of which are seated the small true fruits; in the Mulberry 
it is the perianth of the flowers that swells up to form the succulent coating of the fruit ; 
in Taxus it is a cup-shaped outgrowth of the axis beneath the ovule (the aril) that 
surrounds the naked seed with a red fleshy coating, &c. Popular usage includes under 
the term Fruit all those parts which exhibit a striking change as the result of ferti- 
lisation, especially when they separate as a whole from the rest of the plant ; in ordinary 
language the Strawberry, as well as the seed oi the Yew surrounded by its aril, the Fig, 
and the Mulberry, are all fruits. Botanical terminology limits the idea of Fruit within 
narrower boundaries, which, however, are not yet sharply defined. In the most exact 
use oi botanical terms, the whole of the gymcceum which ripens in consequence of 
fertilisation may be termed the Fruit. When the gymcceum consists of coherent 
carpels or of an inferior ovary, the flower produces a single entire fruit ; if the carpels 
do not cohere, each forms a part of the fruit, or a fruitlet. This limitation of the term 
is often, however, inconvenient ; and it would seem preferable to give it a definition 
which will vary in the different sections. 

The point to be most clearly borne in mind by the student is that the fruit is 
not a new planl -structure. All the parts of the fruit which are morphologically 
determinable, originate and assume their morphological character before fertilisation ; 
the result of fertilisation is merely a physiological change in the parts. The only new 
parts in a morphological sense are the embryo and the endosperm, which are pro- 
duced in the ovule. 

The Inflorescence . When a shoot which has previously formed a large number of 
foliage-leaves terminates in a flower, the flower is said to be terminal ; if, on the other 
hand, a lateral shoot dcvelopes at once into a flower, with one or at most a few bracteolcs 
beneath it, the flower is termed lateral. Sometimes the first primary axis which proceeds 
from the embryo terminates in a flower ; but more often the axis continues to grow, 
or its growth comes to an end, without forming a flower, and it is only lateral shoots of 
the first, second, or a higher order that terminate in flowers. In the first case the 

1 [On this subject see Muller, Befruchtung dei Blumen durch Insektcn, 1873 ; and Sir John 
Lubbock, Biitish M ild Flowers in relation to Insects; also Book III. of this work.] 
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plant may be termed, in reference to the formation of its flowers, uniaxial, in the other 
cases bi-, tri -axial, &c. When a plant produces only terminal flowers, or when the 
lateral flowers spring from the axils of single large foliage-leaves, they are said to be 
solitary . When, on the other hand, the flowering branchlets are densely crowded, 
and the leaves within this region of ramification are smaller and of a different form 
and colour from the others, or are entirely absent, an biflorescence arises, in the nar- 
rower sense of the term, usually sharply differentiated from the vegetative region of 
the plant, and not unlrequently assuming very peculiar forms which require a special 
terminology. This occurs however only rarely among Gymnosperms, the formation 
of multifloral inflorescences of peculiar form being characteristic of the more highly 
developed differentiation of Angiosperms ; and it will therefore be convenient to defer a 
more detailed classification and definition of inflorescences until we are treating of 
that class. 

With reference also to the Histology \ one point only need be mentioned here, in 
which Gymnosperms and Angiosperms agree. The Fibro-vascular Bundles of Phane- 
rogams exhibit the characteristic peculiarity that every bundle which bends outwards to 
a leaf is only the upper limb of a bundle which runs downwards into the stem; in other 
words, we have here ‘ common* bundles, each of which has one limb that ascends and 
bends out into the leaf, and another which descends and runs down into the stem ; the 
latter is called by Hanstein the * leaf-trace.' In the most simple cases ( e.g . in most 
Con iferae)r only one bundle bends out into each leaf; but when the insertion of the leaf 
is broad, or the leaf is large and strongly developed, a larger number of bundles pass 
from the stem into the leaf, in which they ramify when the lamina is broad ; the leaf- 
traces may consist therefore of one or more bundles. The bundles are usually thicker 
at the spot where they pass from the stem into the leaf than lower down in their course. 
Each bundle of this kind may pass downwards through only one internode or through 
several ; in the latter case an internode with several leaves standing above it contains 
the lower parts of bundles which bend outwards above into leaves of different height 
and different age. The descending foliar bundle seldom has its lower extremity free; it 
is usually attached laterally to the middle or upper part of a lower (or older) bundle. 
This may take place by the bundle splitting below into two branches which anastomose 
with the lower bundles; or the thin ends of the descending bundles may intercalate 
themselves between the upper parts of older foliar bundles; or each bundle may bend 
right or left and become finally joined laterally to a lower bundle. In this manner the 
foliar bundles, originally isolated, are united laterally in the stem into a connected 
system ; and this, when copiously developed, gives the impression of having arisen by 
brandling, whereas it arises in fact from the coalescence of separate portions originally 
distinct. 

Besides the descending limbs of the common bundles, others may however occur in 
the stem of Phanerogams ; first of all net-works (as in Grasses) or girdle-like reticula- 
tions (as in Rubiacese or Sambucus) are frequently formed in the nodes of the stem 
by horizontal bundles. Furthermore, longitudinal bundles may become differentiated in 
the stem, which have nothing to do with the leaves; and the mode of formation of 
these ‘eaulinc bundles’ may vary greatly. They originate either at an early period in 
the primary meristem of the stem, immediately after the foliar bundles and in the pith 
(as in Begun iaceae, Piperacea*, and Gy cade a:), or only at a much later period in the 
outer layers of the stem when this has continued to increase in thickness, outside the 
foliar bundles (as in Menispermaccx, Aloinex, and Uraemia), 

The further development of the foliar bundles varies in Monocotyledons on the one 
hand and in Gymnosperms and Dicotyledons on the other. In the former they are 
closed ; in the latter a layer of formative cambium remains, which, in stems that increase 
rapidly in thickness and become woody, usually prolongs itself across the medullary 

1 [For further details see De Bary, Vcrglcichcnde Anatomic der Phanerogamen uud Fame, 1877.] 
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rays so as to form a perfect ring (the cambium-ring), and then produces regularly new 
layers of phloem on the outside and of xylem on the inside. In the primary roots and 
the stouter lateral roots of Gymnosperms and Dicotyledons an increase of thickness 
also takes place by the subsequent formation of a closed cambium-ring, which, like that 
of the stem, is not found in Cryptogams, and commonly leads to the formation of strong 
persistent root-systems, which are more often replaced physiologically in Monocoty- 
ledons by rhizomes, tubers, and bulbs. With the persistent increase in thickness is 
connected, iinally, the active and extensive production of cork, a process foreign both 
to Cryptogams and to Monocotyledons. It will be more convenient, however, to defer 
the special discussion of these points also until we are treating of the characteristics of 
the separate classes. 


SYSTEMATIC REVIEW OF PHANEROGAMS. 

The distinguishing characteristic of Phanerogams, as contrasted with Cryptogams, 
lies in the formation of the Seed. This organ is developed from the ovule, which, in 
its essential part the nucellus, produces the Embryo-sac, and in this the Endosperm and 
the Oosphere. The latter is fertilised by the Pollen-tube, an outgrowth of the Pollen- 
grain, and, after, produces the Embryo borne on a Suspensor. The phanerogamic 
plant which is differentiated into Stem, Leaves, Roots, and Hairs, corresponds to the 
spore-forming (asexual) (Sporophore) generation of Vascular Cryptogams; the Embryo- 
sac to the Macrospore ; the Pollen-grain to the Microspore ; the Endosperm is equivalent 
to the female Prothallium; and the Seed unites in itself, at least for a time, the two 
generations, the Prothallium (Endosperm), together with the young plant of the second 
generation, the Embryo. 

Flowering Plants may be classified as follows : — 

1. Phanerogams without an Ovary. 

The ovules are not. enclosed before fertilisation in a structure (the Ovary) resulting 
from a cohesion of carpel lary leaves. The endosperm arises before fertilisation, and 
forms archegonia (i.t, 1 corpusoula ’), in which the oospheres originate. The contents 
of the pollen-grains are divided before the formation of the pollen-tube, corresponding 
to divisions taking place in the microspores of Sclagintlla. 

i. Gymnosperms. The first leaves produced from the embryo are arranged 
in whorls of two or more. 

A. Cycadetv. Branching of the stem very rare, or entirely suppressed ; 

leaves large, branched. 

B. Conifer cp. Axillary branching copious, but not from all the leaf-axils; 

leaves small, not branched. 

C. Gnetacece . Mode of growth very various ; flowers similar in many 

respects to those of Angiosperms. 

II. Phanerogams with an Ovary. 

The ovules are produced in the interior of a structure (the Ovary) formed by the 
cohesion of carpellary leaves (often only of one carpel, the margins of which have 
become coherent), bearing at its summit the stigma upon which the pollen-grains 
germinate. The endosperm is formed after fertilisation at the same time as the 
embryo, both remaining rudimentary in some cases. A division of the contents of the 
pollen-grain is indicated. The branching is almost always axillary and from the axils of 
all the foliage-leaves. 
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2. Monocotyledons. The first leaves produced from the embryo are alternate; 

endosperm usually large ; embryo small. 

3. Diootyledons. The first leaves of the embryo form a whorl of two (or are 

opposite); endosperm very often rudimentary, often entirely absorbed by 
the embryo before the ripening of the seeds. 


CLASS X. 

GYMNOSPE R M S. 

This class embraces, in the orders Cycadese, Coniferie, and Gnetacciv, plants 
of strikingly different habit, but evidently closely allied in their morphological 
structure, in the peculiarities of the inode of formation of their tissue, and espe- 
cially in thei/ sexual reproduction. On these grounds they take up an interme- 
diate position between Vascular Cryptogams and Angiosperms, while they approach 
Dicotyledons among the latter, especially in their anatomical structure. 

The Po/len-grains suggest a homology with the microspores of SiA/gi/iMi, 
their contents undergoing before pollination one or more divisions into cells which 
resemble a very rudimentary male prothallium. One of these cells (the largest) grows 
into the pollen-tube when the pollen-grain has reached the nucellus of the ovule. 
The pollen-sacs are always outgrowths from the under side of structures unquestion- 
ably foliar (staminal leaves), and bear a striking resemblance in many cases to the 
sporangia of some Vascular Cryptogams. They are produced either in larger or 
smaller numbers or in pairs on a staminal leaf, without cohering in their growth. 

The Ovule , which is almost always orthotropous, and usually provided with only 
one integument, either appears to be the metamorphosed end of the floral axis itself, 
or it originates laterally beneath its apex (or is apparently axillary), or it grows from 
the upper surface or margins of the carpels. These never cohere so as to form a true 
ovary before fertilisation, although during the ripening of the seeds they often in- 
crease considerably in size, close together, and conceal the seeds, usually separating 
again when they are mature in order to allow them to fall out ; the cases are, however, 
not rare in which the seeds remain quite naked from first to last. The embryo-sac 
is formed beneath the apex of the ovule, which consists of small-celled tissue anti 
remains enclosed until fertilisation by a thick layer of the tissue of the nucellus. 
Sometimes the formation of several embryo-sacs commences in one nucellus, but 
only one of them attains its full development. The Endosperm arises by free 
cell-formation long before fertilisation in the embryo-sat', which is distinguished by 
its firm wall ; but the cells soon become combined into a tissue and increase by 
division. Within this mass of tissue, corresponding to the endogenous prothallium 
of Selaginella, arise the Arclugonia (or C orpuscula 1 ) in larger or smaller numbers. 

1 [The central cells of the archegonia of (iymnosperms were discovered by Robert Brown in 
1834. He called them corpnscula or euibryonifcmus areola- (Miscellaneous Botanical Woiks, 
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Strasburger states that each of these bodies is formed from an endosperm-cell 
lying at the apex of the embryo-sac, which increases considerably in size and 
produces the neck and central cell of the archegonium by division. According 
to the same authority a small upper portion of the central cell beneath the neck 
is even separated as the canal-cell. There is little doubt that, as Strasburgcr asserts, 
the whole of the central cell is to be considered as the oosphere, although Hofmeister 
thought that a number of oospheres arose in it by free cell-formation 1 . After the 
pollen-tube has penetrated the tissue of the nucellus and forced itself as far as the 
archegonium (corpusculum), where its fertilising material is conveyed to the oosphere, 
the Suspcmor is formed by division of a cell which is developed in the lower part of 
the oosphere. The cells of the suspensor arc at first small, but the middle or upper 
ones elongate very much, and, pushing the lower ones before them, penetrate into a 
softened part of the endosperm. Sometimes the suspensors which are produced side 
by side separate ; each boars at its apex a small-celled rudiment of ail embryo. On 
this account, and also because several archegonia arc often fertilised in one endo- 
sperm, the unripe seed contains several rudimentary embryos, of which, however, only 
one usually increases greatly in size, the otheis withering away. 

During the development of the embryo, the endosperm becomes filled with 
nutrient materials and increases greatly in size ; the embryo-sac which encloses it 
grows at the same time, and finally entirely absorbs the surrounding tissue of 
the nucellus ; the integument, or an inner layer of it, becomes developed into a 
hard shell, while frequently (in naked seeds) its outer mass of tissue becomes 
fleshy and pulpy and gives the seed the appearance of a drupaceous fruit ( e . g. 
Cycas, Sah'sburid). The effect of fertilisation not un frequently extends also to the 
carpels or other parts of the flower, which grow considerably, forming fleshy or 
woody coatings to the seeds, or cushions beneath them. 

The ripe Seed is always filled with the endosperm, in which the embryo lies 
and is distinctly differentiated into stem, leaves, and root. Jt fills up an axial 
cavity of the endosperm, is always straight, its radicle being turned towards 
the micropyle, its plumule towards the base of the seed. The first leaves which 
the embryonal stem produces stand in a whorl, consisting generally of two opposite, 
but not unfrequenlly of three, fonr, six, nine, or more members. At the period of 
germination the radicle first protrudes through ibe split testa; the bud which is 
formed between t lit Cotyledons or first leaves at the apex of the stem is forced out by 
their elongation, the cotyledons still remaining concealed in the seed, and remaining 
in it until its food-materials have been completely consumed by the embryo. Some- 
times they remain concealed there as organs which have become useless ; but in 
Conifer® they arc drawn out by the elongation of the embryonal stem and brought 
above the surface of the ground, where they unfold as the first foliage-leaves. The 
cotyledons of Conifer® become green even within the seed in complete darkness, the 


vol. I. pp. 567 and 57°)- The structure of the neck of the archegonium was made out by Ilofmcbler, 
who applied to it the term rosette t()n the Higher Ciyptogamia, p. 41 1). Archegonium and 
corpusculum do not seem exactly synonymous, since the latter, properly speaking, is only equivalent 
to the central cell of the former. llenircy termed the central cells 'secondary embryo-sacs* 
(Klcmentary Course, and edition, p. 608). ) 

1 More will be said on this subject under Conifcnv. 

K k 2 
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formation of chlorophyll taking place, as in Ferns, without the assistance of light. 
It is not known whether the same thing occurs also in the Cycadese and Gnetacese. 
The young plant, freed from the seed, consists of an erect stem, passing below 
insensibly into the vertically descending tap-root, from which numerous secondary 
roots soon proceed in acropetal order, usually forming finally a well-developed 
root-system. The embryonal stem grows vertically upwards, and is usually not only 
unlimited in its growth, but is much stouter than all the lateral shoots, even when 
these are formed in abundance, as is the case with Coniferse. In the remarkable 
Gnetaceous Wt’fwi/sMa, however, the apical growth altogether ceases at a very early 
period, and even the production of new leafy shoots is suppressed, as is usually the 
case also in Cycadese. 

An apical cell does not exist either at the ends of the shoots or at the apices of 
the roots of Gymnospcrms. In this respect they resemble the other Phanerogams, 
but they differ from them in that the primary mcristem of the Punclum vegetationis of 
the stem shows cither no differentiation (Cycadese, Abietinesn), or only an indistinct 
differentiation, of Dermatogen (young epidermis) and Periblem (young cortex). At 
the apex of tf»e root the well-defined axial fibro -vascular mass (Plerome) is covered by 
a continuation of the cortical tissue (Periblem). Layers of cells belonging to this 
tissue, which cover the apex, become thickened and split off, thus forming the root- 
cap. The root-cap therefore is not derived here, as in most Angiosperms, from the 
active growth and splitting of the young epidermis (Dermatogen), or from a proper 
meristeinatic layer (Calyptrogen). 

The Flowers are usually developed on small lateral shoots, often of a high order 
of ramification ; terminal flowers occur on the primary stem only in the Cycadex 
(and in them not exclusively). They are always diclinous; the plants themselves 
monrecious or dioecious. The male flower consists of a slender axis usually greatly 
elongated, on which the staminal .leaves are arranged in large numbers usually 
spirally or in whorls. The female flowers are remarkably different in their external 
appearance, and usually very unlike those of Angiosperms. A kind of perianth of 
rather delicate leaves occurs only in Gnetaceiv ; in Coniferx and Cycadea* it is 
wanting or is replaced by scales. But what makes the female flowers peculiarly 
strange, independently of the absence of an ovary, is the elongation of the floral 
axis, on which the foliar structures are placed not in concentric circles as in Angio- 
sperms, but in a distinctly ascending spiral arrangement, or in alternating whorls 
when they are numerous. When only a few ovules are produced on a naked 
or small-leaved inflorescence, as in Podocarpus and Salisburia , the last trace of 
resemblance in habit to the flowers of Angiosperms ceases. But to clearly under- 
stand the matter it is only necessary to retain distinctly in mind the definition of 
a flower, viz. an axis bearing members which are modified for the production of 
spores. 


On the histology of the Gymnospcrms sec the remarks at the conclusion of the 
description of the whole class. 
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A. CYC A DE/E 1 . 


The Embryo , enclosed in the large endosperm, possesses two opposite unequal 


cotyledonary 2 leaves, which lie with their 
towards their apices. The tendency of 
the subsequent foliage-leaves to branch is 
sometimes displayed even in these cotyle- 
dons, a rudimentary lamina being formed 
on the larger one, with an indication of 
pinnae (as in Zamia , Fig. 342 //'). The 
seed germinates when laid in moist earth, 
but only after a considerable interval ; the 
testa splits at the posterior end and allows 
the emission of the primary root, which 
at first grows vigorously downwards, but 
sometimes assumes afterwards a tuberous 
form or produces a system of rather thick 
fibrous roots. According to Fig. 342 C 
borrowed from Schacht, and a more recent 
statement by Rcinke, the branching of the 
primary root is laterally monopodial ; Mi- 
quel, however, asserts the existence of 
bifurcations of the more slender roots in 
older plants of Cycas gJauca and Enctpha- 
/ar/os. According to Reinke and Stras- 
burger, only those lateral roots which 
emerge from the ground branch dichoto- 
mously, probably as a pathological pheno- 
menon. By the elongation of the coty- 
ledons which remain in the endosperm 


inner surfaces face to face, cohering 



1 11. 34J. - ( /cnnm.Uinii .»( . ,tmia \ f>nuh\ (.liter Sth.uhl, 
rcriuicit). F i oimneiut. mint i.f umiuiiuii, if Uu* < opinions 
Luhrrmt above their elongated base, one of ihem having .it 
its apex (inaipiilii il at /■”) an iiulnatioii of a pinnate lamina; 
( seedling MX month, nhl; j.i seed, 7 < thcpiimat) mot, b the 
hist pinnate leal, a t rudiments of the adventitious roots wIikIi 
afu 1 wards yrnw upw.ttds. 


1 Mi quel, Monographic Oycadearum, 1842. [Ditto, On the Sexual Organs of the Cycadaccfe ; 
Journ. of Bot., March and April 1869].— Karstcn, Organogr. Betracht. iihcr Zamia muricata , Beilin 
1857.— Mold, Fau ties Cycadcenstammcs (Vermischt. Schrift. p. 195).— Mettenius, Beitrage zur 
Anatomic der Cycadeen (Abhandl. der kbnigl. Sachs. Gesellseh. der Wissensch. vol. VII, 1861). — 
[\V. C. Williamson, Contrihutions towards the history of Zamia gigat, Trans. Linn. Soe. vol. XXVI, 
1S70. - Carrulhers on Fossil Cyeadean Stems from the Secondary Bocks of Britain, ibid.] — On the 
structure of the pollen see Schacht, Jahib. fur wissensch. Bet. vol. 11 . p. 142 et seq. — Kraus, Uehcr 
den Ban tier Cycadecnfiedcrn (Jahrb. fur wissensch. Bot. vol. IV). — Reinke in Nachrichten dcr konigl. 
Gesellseh. dcr Wissensch. in Gottingen, 1871, p. 532.-1)0 Bary, Bot. Zcitg. 1870, p. 574. — Juranyi, 
Bau u. Kntwickelung des Pollens bei Ceratozamia (Jahrb. iiir. wissensch. Bot. vol. VIII. p. 382). — 
Ucbcr Wachsthum und Vcrzwcigung der Wur/eln, Reinke, Morphol. Abhandl. 1873. — [Warming, 
Undersogclser og Bctragtninger over Cyeadcme, and. Bidrag til t > cadecrncs Naturhistorie, in the K. I). 
Vidensk. Selsk. Forhandl. 1877 and 1879; also Bot. Zcitg. 1878.] 

* Van Tieghcm found in three seedlings, hybiids of Ceratozamia longifolia 9 with Cer. Mexicana 6, 
only a single sheathing cotyledon, in another two very unequal cotyledons. Two embryos of Zamia 
spiralis had two unequal cotyledons, anothei had three, and another had only 011c. (See Van Tieghcm 
iu the French edition.) 
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and absorb their nourishment from it, their basal parts anti the intermediate plumule 
are pushed out of the seed. The portion of the axis which bears the cotyledons, 
as well as that which developes above them, remains very short, but a consider- 
able lateral increase of size takes place beneath the apex, due to a large develop- 
ment of parenchymatous tissue. The stem thus acquires the form of a roundish 
tuber, which it retains even at a later period in some species ; but in most it 
lengthens in the corn sc of years into an erect tolerably stout column which some- 
times attains a height of some metres. This slow increase in height, together with 
the considerable increase in thickness of the growing end, is correlated with the 
absence of a tendency to branch as in other similar cases (fsoe/cs, Of>/iioglossum y 
Aspidium Filix-ma$, &c.). The stem of Cycadea? usually remains perfectly simple, 
although old stems sometimes divide into branches of equal stoutness. Hut when 
several (lowers are formed at the summit, this evidently depends on branching ; and, 
as far as one is able to judge from drawings, it is probable that this branching 
is dichotomous. In old or sickly plants small bulbous or tuberous gemma? are not 
unfrequently found at the base of the stem under or above ground, the morphological 
nature of which is still doubtful ; in Miquel’s opinion it is not impossible that they 
spring from ctfd leaf-scales, and have therefore nothing to do with the branching of 
the stem. 

The whole of the surface of the stem is furnished with leaves arranged 
spirally; no internodes can be distinguished. The leaves are of two kinds; dry, 
brown, hairy, sessile, leathery scales of comparatively small size, and large, stalked, 
pinnate or pinnatifid foliage-leaves. The scales and the foliage-leaves alternate 
petiodieally ; a rosette of large foliage-leaves is produced annually or biennially, and 
among these the terminal bud of the stem is enveloped with scales, under protection 
of which the new whorl of foliage-leaves is slowly formed. This alternation begins 
at once on germination in Cyuis and other genera, a number of scale-leaves follow- 
ing the leaf-like cotyledons, and enveloping the bud of the seedling ; after these a 
pinnate though small foliage-leaf is then usually developed, which is again followed 
by scales. It is only as the strength of the plant increases after several years’ 
growth that the foliage-leaves are produced in whorls constantly increasing in size, 
and forming, after the older ones have died off, the palm-like crown of leaves, the 
scales which stand above them enclosing at the same titne the apical bud of the 
stern. In this hud the foliage-leaves are so far formed beforehand, that when they 
at length hurst the bud they only have to unfold, this process then occupying only a 
very short time, while one or two years elapse before the unfolding of the next 
rosette of leaves. The leaves which proceed from the hud are in Cyras and other 
genera circinatc like those of Ferns; in others the racliis of the leaf only is rolled 
up ; in others, finally, as Dion , the growth of the leaf is straight, its lateral leaflets 
being also straight before expansion’. The unfolding is, as in Ferns, basifugal, and, 
probably in consequence of this, there is also a permanent apical growth and a basi- 
fugal development of leaflets. The leaflets are usually simple, and generally stand 
alternately on the radii?, which is often i to 2 metres long. The mode in which 


1 [ this statement is not quite exact. Tn Znmia aid Encephalarfos the leaves are not circinatc in 
vernation ; and e\en in Cycas it is only the leaflets and not the rachis that is so.] 
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the lamina terminates above, points to a dichotomous branching of the leaf, the rachis 
of which may therefore be considered as a sympodium composed of the basal 
portions of the successive bifurcations, while the lateral leaflets represent the bifur- 
cations of the lamina of the leaf, the growth of which is arrested and flattened. 
The whole leaf would therefore be a dichotomous cymose branch-system. Re- 
searches into the history of its development are however wanting, as in the case of 
the branching of the stem and root. 

The Flowers of the Cycadeas are always dioecious, and the plants are therefore 
either male or female. Both kinds of flowers appear at the summit of the stem, 
either singly, as in Cyras , as terminal flowers of the primary stem, or in pairs or 
larger numbers as in Zamia rnuricata and Macrozamia spiralis , where they may 
perhaps be regarded as metamorphosed bifurcations of the stem 1 . The flower con- 
sists of a strong conical elongated axis, sometimes supported on a naked peduncle, 
but densely covered in other parts by a large number of staminal and carpellary 
leaves arranged spirally. 

In Cyras the female flower is a rosette of foliage-leaves which have under- 
gone but slight metamorphosis (Fig. 34,1), the apex of the stem developing again 
first of all scale-leaves, and then new whorls of foliage-leaves ; the stem, therefore, 
grows through the female flower, thus furnishing an instance of prolification. The 
separate carpels are, indeed, much smaller than the ordinary foliage-leaves, hut are 
essentially of the same structure; the lower pinna? are replaced by ovules, which 
attain, even before fertilisation, the magnitude of a moderate-sized ripe plum, the 
fertilised seed acquiring the dimensions and the appearance of a moderate- sized 
ripe apple, and hanging quite naked on the carpel. Whether the male flower of 
Cyras also exhibits prolification 1 do not know, and it seems improbable ; the very 
numerous staminal leaves are much smaller, 7 to 8 cm. long, and undivided ; they 
expand considerably from a narrow base and terminate in an apiculus. They are 
furnished on the under side with a number of densely-crowded pollen-sacs; the 
whole flower is from 30 to 40 cm. long. 

The male and female flowers of the remaining genera of Cyeadea? resemble 
fir-cones externally. The comparatively slender floral axis rises as a rachis 011 a 
short naked peduncle, and on this are seated the numerous staminal or carpellary 
leaves (Fig. 344). The axis terminates with a naked apex which undergoes no 
further development (Fig. 344 /)). The stamens are, indeed, but small in comparison 
to the foliage-leaves of the same plant, but are, nevertheless, the largest which 
occur anywhere among Phanerogams. In Macrozamia , as in (yeas, they are from 
6 to 8 cm. long, and as much as 3 cm. broad ; they spring, with rather a narrow 
base, from the floral axis, and expand into a kind of lamina, terminating in an 
apiculus {Macrozamia) or in two curved points ((' eratnzarnia ), or the lower part of 
the stamen is thinner and stalk-likc and bears a peltate expansion (Zamia). They 
are also distinguished from the stamens of most other flowering plants by their 

1 The hypothesis that the male flower of Cycas Rumphii is one, the lenf-bud by which the stem 
is prolonged the other bifurcation of the dichotomising apex of the stem, is not supported by 
T>e Italy's recent icsearches. [According to Warming ( luc.cit .) all the flowers are piobably terminal; 
possibly the male flower (in Cera/ozatnia longifolin ) is produced on a branch of a dichotoni) of the 
stem : it is certainly not borne on a lateral lnanch.] 
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persistence, becoming lignificd and often very hard. The numerous pollen-sacs on 
the under side of the stamens are usually collected into small groups numbering 
from two to five, like the sori of Ferns, these again forming larger groups on 
the right and left side of the leaf. The pollen-sacs are globular or ellipsoidal, 
usually about i mm. in size, and are attached with a narrow base to the under 
side of the stamen ; Karstcn states that in Zamia spiralis they are even stalked. 
They dehisce longitudinally, and are in all respects much more like the sporangia 



of Ferns than the pollen- sacs of other Phanerogams, from which they also differ 
in the firmness and hardness of their wall. The mode of development of the 
pollen-sacs and pollen-grains of Cycadcae was till lately unknown ; it has only 
quite recently been observed by Juranyi in Ceralozamia long folia . The pollen- 
sacs arc formed on the under side of the stamens in the form of small papillae, 
probably consisting from the first of several cells over which the epidermis of 
the surface of the leaf is continuous. Th<* inner tissue is next differentiated 
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(as in the sporangia of Lycopodiaceae, Equisetaceae, and Ophioglossacese) into an 
outer layer of smaller cells enclosing a larger-celled tissue; the cells of the latter 
continue to grow and divide in all directions, and the mother-cells of the pollen 
are finally isolated, but densely crowded together, as in Dicotyledons. The mode 
of division of the mother-cells is nevertheless more like that of Monocotyledons in 
this respect, that they first of all divide into two daughter-cells, each of which 
again undergoes bipartition. The first division-wall is partially formed, as in Dico- 
tyledons, by the slow growth of an annular ridge of cellulose, formed in the depres- 
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sion produced by the previous constriction of the protoplasm of the mother-cell ; 
but in each of the two daughter-cells the second partition appears to be formed 
simultaneously, as in Monocotyledons. The four young pollen-cells are now freed 
by the rapid absorption of the cell-wall which surrounds and separates them. The 
pollen-grains, when free from their mother-cells, are unicellular and spherical; but, 
during their further growth, the contents, enclosed by an extine and intine, divide 
into two cells, a smaller and a larger one, each possessing a nucleus. The smaller 
of these two cells, lying on one side against the inline of the pollen-grain, becomes 
arched on the opposite side, and projects in the form of a papilla into the larger 
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one. This smaller cell now again undergoes a transverse division parallel to the 
first, and this is sometimes followed by a second ; a two- or three-cellcd body is 
thus formed, attached on one side to the inline, and projecting into the cavity 
of the larger cell, as in Abietinesc, which, moreover, further resembles Ceratozamia 
in the fact that, as in the Coniferse, the large cell, formed by the first division of the 
pollen-grain, dcvclopes into the pollen-tube, the mass of small cells remaining 
inactive in the pollen-grain. In Cycas Rumphii * Enccplralartos, and Zamia, the 
pollen-grain also splits up, according to De Bary, into a larger and a smaller cell, 
the latter also in this case again dividing once, and the larger cell developing into the 
pollen-lube. The spot where the inline which developes into the pollen-tube breaks 
through the extine lies exactly opposite the mass of small cells (the secondary 
cells of the pollen-grain) ; the extine is in this place thinner, and in the dry 
pollen -grain deeply folded in, so that the transverse section of the dry pollen -grain 
is kidney-shaped. During the absorption of water which 
precedes the formation of the pollen-tube the pollen-grain 
again assumes a spherical form. 

The carpellary leaves are arranged spirally or in apparent 
verticils, closely crowded on the axis of the female flower. 
Those of Cycas have already been described ; in Zamia , 
Enccphalartos , APacrozamia, and Ceratozamia , the carpels are 
much smaller, and each bears only two ovules, attached 
right and left to a peltate expansion which terminates a 
slender pedicel (Fig. 344). The ovule is always orthotro- 
pous, and consists of a large nucellus and a thick integu- 
ment the inner layer of which (in contrast to that of other 
Phanerogams) is penetrated by a number of fibro- vascular 
bundles. The micropyle is a slender tube, formed by the 
prolongation of the contracted margin of the integument 
beyond the summit of the nucellus. According to De Mary's 
researches a second inner integument appears to exist in 
the case of Cycas rev alula. [In the nucellus a group of 
cells can be readily distinguished at an early stage, which 
Warming considers to be homologous with the mother- 
cells of the spores in the sporangia of the Vascular Crypto- 
gams ; from one of these the embryo-sac is formed. The wall of the embryo- 
sac becomes thickened, and its cavity becomes filled with endosperm. From 
certain superficial cells of the endosperm the arehegonia (corpuscula) are formed. 
The neck of the archegonium consists of two cells. From the large central cell 
a canal-cell is cut off, leaving the remainder ns the oosphere. After fertilisation, 
each oospore gives rise to a single suspensor ; the embryo is not developed 
at its apex until after the seed has been sown. The embryo of Ceratozamia has 
only one cotyledon ; Cycas and ftlatrozamia have two; Van Tieghem has, however, 
found two cotyledons in some cases in Ceratozamia Me.xi\ ana, and three in Zamia 
spiral is i\ 

In consequence of the form and position of the carpels, the ovules are covered 
and concealed before and after fertilisation, except in Cycas ; at the period of polli- 
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nation, which is apparently brought about by insects, the carpels separate from one 
another, and the micropyle excretes a fluid to which the pollen-grains adhere. The 
outer layer of the testa is usually fleshy, the inner one hard, and the seed therefore 
resembles a plum, with its surface often brightly coloured. 


B. CONIFERS. 

Germination. The endosperm surrounds the embryo in the form of a thick- 
walled sac open it the radicular end ; the embryo lies straight in the central cavity of 
the endosperm ; its axis is continuous behind with the rudiment of the primary root, 
and bears at its anterior end a whorl of two or more cotyledonary leaves, between 
which it terminates in a roundish apex (Fig. 346 /). The Taxineae and most 
Cupressinere and Araucariece have two opposite cotyledons, although in some 
Cuprcssinece there are from three to nine, and in some Araucarieai whorls of four 
cotyledons ; while among the Abietinex there are rarely so few as two, more often 
four or even as many as fifteen. To refer this larger number of cotyledons to the 
division of two opposite ones, as Ducliartrc proposes, is entirely opposed to the other 
processes of leaf-formation in these plants, especially to the common occurrence of 
whorls consisting of several leaves on the growing axis of seedlings. 

When placed in damp soil the endosperm swells up, bursts the testa at the 
radicular end of the embryo, which is then pushed out by the elongation of the axis, 
and grows into a strong descending tap-root, from which lateral roots proceed, suc- 
ceeding one another rapidly in acropetal succession, and subsequently branching. 
This is the commencement of the root-system of Conifers, which is frequently 
strongly developed and persistent. After the emergence of the root, the coty- 
ledons elongate in their turn, push out their bases from the seed and the end of 
the axis that lies between them, but they themselves remain in the endosperm until 
it has been absorbed. In Araucaria (sub-genus Cotymhca) and in Salisburia the 
hypocotyledonary portion of the axis remains short, and the cotyledons remain 

1 For the structure of the flowers, see R. brown, On the Plurality and Development of the 
Embryos in the Seeds of Conifera.* : Mise. Hot. Works, London, 1S66, vot. I. pp. 567 576. — H. von 
Mohl, Veimiseht, Sell rift. pp. 25 and 49. — Schacht. Lehih. der Anat. 11. Phvs vol. 11 . p. 433. — Eiehler 
in Flora, 1863, p. 530, [and Nat. HEt. Rev. 1864, pp. 270 290; Flora, 1S73, and Trans. Hot. Soc. 
Edin. 1873, pp. 533-54 l. — Dickson, Trans. Hot. Soc. Edin. VI. p.420; New Phil. Joum. 1861, pp. 198, 
199 — J. 1 ). Hooker, O11 the Ovary oi Stphmodon in Tans. Linn. Soc. XXII. pp. 137, 13X.— Caspary 
in Ann. ties Set. Nat. 4th sciies, vol. XIV. p. 200. and Floia, 1862.]). 377. — llrongniait. Hull. Hot. Soc. 
Fiance, XV 11 I. p. 141.- Van Tieghcm, Ann. des Sci. Nat. 5th seiies, vol. X.] For the fertilisation, 
llofmcistcr in Vagi. Unters. 1851 [On the Germination, Development, and Fuietiftcation of the 
Higher Ciyptogams, Ray Soc., pp. 400 433 ] —Strasburgcr, Die Hefiuchtung der Conifcren, Jena 
18(19. For the pollen, Schacht in Jahr. f. wiss. Hot. vol. 11 . p. 142. — St ras burger, Uebcr die Hestau- 
bimg der Gyinuospermen, Jenaische Zeitselir, vol. VI. Also in addition: [Zuccariili, Morphology of 
the Conifenv, Ray Soc. Rep. and Pap. on Hot. 1S45.]-— Ptit/er, Uebcr den Embryo der Conifeien, 
Niederrhein. Ges. fiir Natur. u. Heilk. Aug. 7* 1871. — Reinkc, Uebcr das Spitzenwachsthum der 
Gymnosperm-Wurzeln, Gottinger Nachr. 1S71, p. 530. — [Strasburgcr, Die Conifeien u. die Gnetaceen ; 
eine morph ologische Studic, Jena 1872. — Eiehler, Sind die Conifcren gymnosperm oiler nichtV blora 
1873, ami HliUhendiagramme, 1 . 1875.— Strasburgcr, Die Angiospermen und die Gymnospermui, 
i8 79 .] 
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contained in the seed ; in most Conifers, on the contrary, this portion becomes 
greatly elongated, making a sharp bend in an upward direction, pierces the soil, 
and draws the cotyledons with it. As soon as these are exposed to light, the 
hypocotyledonary portion straightens itself, the whorl of cotyledons expand, and, 
having become green while still underground, act as the first foliage-leaves of 
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the seedling, the apex of its axis having in the meantime formed a bud with 
new leaves (Fig. 346). 

Mode of Growth and External Differentiation. The terminal bud of the stem 
of the seedling grows more rapidly, though frequently interrupted, than the lateral 
shoots which arise subsequently. The primary stem is thus a direct prolongation of 
the axis of the embryo ; it never ends in a flower, but grows indefinitely at the 
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summit, becoming thickened to a corresponding extent by the activity of a cambium- 
ring, and thus becomes a slender cone attaining a height of 100, 200, or even 
more feet \ and a diameter at the base of 2 or 3 or as much as 20 feet. On this 
highly-developed primary axis the lateral axes of the first order are produced; 
often periodically in rosettes at the apex (pseudo-whorls) or distributed irregularly 
and branching again in the same manner. Each primary axis usually grows more 
vigorously than its secondary axes ; and hence the collective form of the system of 
branching, as long as the primary axis continues to grow vigorously, is that of a 
panicle of conical or pyramidal form. While in Cycadeae the branching is almost 
entirely suppressed, the peculiar form and beauty of Conifers depends chiefly on the 
branching, the mere so as the leaves are almost always small and inconspicuous, 
serving only, as far as the outward appearance of the plant is concerned, as a cloth- 
ing to the system of branching. The branching is always axillary ; but Conifers 
differ from Angiosperms in not producing buds in nearly all the leaf-axils; in 
Araucaria and some species of Taxus , Abies, and other genera, it is chiefly or 
exclusively the youngest leaf-axils of a years growth which produce branches, and 
these grow vigorously. In Junipcrus communis , indeed, buds occur in most of the 
leaf-axils, but only a few develope. In Pinus sylvesiris and its allies shoots are formed 
only in the axils of the cataphyllary leaves which are borne exclusively by the 
primary stem and the permanent woody branches, remaining however very short, 
and producing two, three, or more acicular foliage-leaves, from the axils of which no 
lateral shoots are produced. In Larix , Ccdrus , and Salisburia, buds are formed in 
the axils of a considerable number — but not nearly all — of the foliage-leaves, a few 
growing rapidly, and serving for the development of the branch-system, while others 
remain very short, and form annually a ncw*rosette of leaves without lateral buds. In 
Thuja and Cuprcssus also, which are distinguished by their copious branching, the 
number of small leaves is still very much larger than that of the axillary shoots. 
Many Conifers exhibit a very regular arrangement of those branches of different 
orders which arrive at their full development, the symmetry of the whole tree being 
at the same time increased by their difference in size. The branches of the first 
order on the upright primary stem are frequently formed in a pseudo-whorl of several 
members at the conclusion of each period of vegetation, the same process being 
frequently repeated on the branches themselves (c.g. Pinus sylvesiris , Araucaria 
brasi/iensiSf and especially Phyllocladus trichomanoidcs , and many others); more 
commonly a tendency to bilateral ramification appears on the horizontal branches 
of the first order (as in Abies peclina/a); and not unfrequently besides these strong 
branches from which the framework of the tree is constructed, smaller ones are 
also formed between them (e.g. in Abies excclsa). In many cases the arrangement 
and growth of the branches are more irregular; the greatest deviation from this 
type being shown in the Cupressinea;, especially Cuprcssus , Thuja , and Libocedrus , 
in which the tendency to bilateral ramification" is seen even on the primary stem, 
which is more perfectly developed on the lateral shoots. Branch-systems of three or 

1 [The tmnk of Sequoia ( Wellingtonia ) gigantea of California attains the height of 400 feet.] 

2 In many species also of Abies and Pinus there is an evident tendency to bilateral development 
in the horizontal lateral shoots, the spirally arranged leaves inclining over to the right and left, and 
thus forming two e >mb-like rows. 
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four orders of shoots are developed in one plane in such a manner that a system 
of this kind assumes a definite contour and somewhat the appearance of a pinnate 
leaf. In Taxodium the foliage-leaves are formed in two rows on slender branches 
a few inches in length ; in T. disiichum these fall off in the autumn together with 
their leaves, thus presenting a still greater .resemblance to pinnate leaves. Finally 
Phyllocladus produces on all its vcrticillate shoots only small colourless scale-like 
leaves, from the axils of which, but beneath the terminal bud, whorls of shoots spring 
with limited power of growth, developing their bilateral side-shoots in the form of 
flat-lobed foliage-leaves. These remarks, incomplete as they are, may suffice to 
turn the attention of the student to the phenomena of the branching, which are 
moreover easily observed. 

The Leaves (with the exception of the floral leaves) are either all foliage-leaves 
containing chlorophyll, as in Araucaria , J urn 'per us, Thuja , &e. ; or all colourless or 
brownish scales, as in Phyllocladus y where the foliage-leaves are replaced by 
leaflike shoots ; or, finally, scales and foliage-leaves arc very frequently formed at 
the same time, and even on the same shoots (as in A hies), where the scales only 
serve the purpose of protecting the buds ; or the two forms are distributed on 
different axes, As in the true Pines ( Pinus ), the permanent woody shoots of which 
produce only membranous scales, the axils of which dcvelope sterile foliage-shoots 
which afterwards die off. The foliage-leaves of Conifers are mostly small, of simple 
structure, and scarcely ever compound; they are smallest and at the same time most 
numerous in the Cupressineie, where they form a dense covering to the axes of the 
branehlets (as Thuja , Cuprtssus y &c.) ; in most of the Abietinece and in Taxus and 
Juniprus , they are larger, more sharply separated from the axis, narrow and com- 
paratively thick, usually angular and prismatic (acicular); intermediate forms between 
these acicular leaves and the broad expanded leaves of Thuja occur in Araucaria 
t xn/xa , &c. In Podacarpus and Dammar a the leaves are flat and broader, and in 
Salislmria they are stalked and even two-lobed, with a deeply emarginate apex as 
if from dichotomous division. Not unfrequentiy, especially in the Cupressinea?, 
the foliage-leaves of the elongated primary axis are different in form from those 
higher up the same axis and from those on the lateral shoots ; in Thuja , Juniper us 
virginiamiy Cuprcssus , See., the former are acicular, patent, and of considerable size, 
the latter very small and closely appressed to the axis; the youthful foliage some- 
times recurs on isolated branches of adult plants. The axis of the shoot within 
the bud is so densely covered with the bases of leaves that no free portion of the 
surface of the axis is visible between them. When the axis Iras attained a con- 
siderable length on the unfolding of the bud, the bases of the leaves generally grow 
at the same time in length and breadth, so that they entirely cover the surface of 
the enlarged shoot also, clothing it with a green cortex, in which the parts belonging 
to the separate leaves can be distinctly recognised. This is especially clear in 
Araucaria and many species of Pitius , but is very common also in other genera; 
in Thuja , Cuprcssus , Lihoccdrus , &c., the axis of the shoot is also completely 
covered with these leaf-cushions; but the free paits of the leaves are very small 
and often project only as short points or projections. The phyllotaxis is spiral 
in the Abietineae, Taxincae, Arauearieie, Podmarpus , &c.; the Cupressinete bear 
whorls which, above the cotyledons, contain generally from three to five leaves, but 
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usually fewer at a greater height on the primary axis. The secondary axes usually 
begin at once with decussate pairs, which, in bilateral shoots, are alternately larger 
and smaller (as in Callitris and Libocedrus) ; in Juniperus and Frenela the whorls 
on the secondary axes also consist of from three to five leaves, and are alternate; the 
pairs of leaves of Dammara stand at an acute angle to one another. The foliage- 
leaves of most Conifers are very persistent, and may live for several years, their leaf- 
cushions keeping pace in growth for a long time with the increase in size of the axis; 
in Larix and Salisburia the leaves alone are deciduous in autumn, in Tax odium 
distichum the axes that bear them are also deciduous. 

The Flowers of Conifer® are always diclinous ; either monoecious, as in the 
Abietine® and Thuja , or dioecious, as in Tax us, Salisburia , and Juniperus communis ; 
the male are usually much more numerous than the female flowers. They are never 
terminal on the primary stem, differing in this respect from those of Cycadc® ; even 
the larger woody branches bear only rarely, as in Abies cxcclsa , terminal (in this 
case only female) flowers. Usually the llowers are produced at the apex of small 
foliage-shoots of the last order, or in the leaf-axils of the stronger foliage-shoots. 
In Thuja , for instance, male and female flowers appear at the end of small short 
green shoots of the bilateral system of branches ; in Taxus and Juniperus , on the 
other hand, in the axils of foliage-leaves of larger shoots; in Abies pcciinata they are 
found on the under side of shoots of a higher order at the summit of older trees, 
both kinds in the axils of foliage-leaves, the female flowers singly, the male in 
larger numbers. The flowers of Finns sylvcs/ris and allied species appear in the 
place of the undeveloped branches (tufts of leaves) which stand in the axils of the 
scales of growing woody shoots, the male flowers usually in groups forming an 
inflorescence the primary axis of which is the mother-shoot, the female flowers 
generally more scattered. In Salisburia the flowers appear exclusively on the 
short lateral branches which annually form new rosettes of leaves, and they are 
situated in the axils of the foliage-leaves or of the inner bud scales (Fig. 347, 
A and B). 

The part of the floral axis immediately beneath the organs of reproduction is 
densely covered with scales or foliage-leaves in the female plant of Taxus, Juniperus, 
&e. (Figs. 348, 349); it is developed as a naked stalk in the Abietine®, Salis - 
buria , the male plant of Taxus , Podocarpus , &c. (Fig. 347 A , B). The flowers 
of Conifer® resemble those of Cyeade® in the peculiarity that the axis elongates 
even at the part that produces the organs of reproduction; if these are numerous, the 
whole flower presents the appearance of a long cone, resembling externally a catkin; 
and this term is indeed given to it in the superficial language of many systematists. 
In Angiosperms the flowering shoot usually undergoes a very peculiar development 
at its summit, the portion of the axis which bears the flower (the receptacle) 
remaining very short and broad, and the floral leaves and organs of reproduction 
being formed in positions which differ greatly from those of the foliage-leaves ; 
in Conifer® the distinction between a floral and a foliage-shoot is much less, and 
this is especially conspicuous in the arrangement of the leaves; if those of the 
foliage-branches are arranged spirally, so also are usually those of the flowers, 
us, e.g., in the Abietine® ; if, on the contrary, as in the Cupressine®, they occur 
in alternating whorls, the staminal and carpellary leaves are arranged in the same 
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way. In Junipcrus communis even the ovules, here the representatives of whole 
leaves, are arranged in alternating whorls. But, occasionally, as in Taxus , greater 
differences are to be observed in the phyllotaxis of the flowering shoot as compared 
with that of the foliage-shoots. 

The Male Flowers always consist of a distinctly elongated axis provided with 
staminal leaves, and ending above in a naked apex (Fig. 349 A). The stamens are 
mostly more delicate and of a different colour from the foliage-leaves, and are usually 
divided into a slender pedicel and a peltate lamina bearing the pollen-sacs on its 
under side, as in Taxus , the Cupressineae, and Abietinex (Fig. 348 B , 349 A, B> 
350 A). The flat expansion at the end of the pedicel may, however, be entirely 
absent, as in Salisburia (Fig. 347 C), where it is reduced to a small knob on which 
the pollen-sacs hang. That the parts which bear the pollen-sacs in Coni ferae are 
beyond doubt metamorphosed leaves, is evident not only from their form, but still 
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more from their arrangement, which has already been spoken of. If the staminal 
leaves of the Cycadeae show a resemblance in more than habit to the sporangiferous 
leaves of Ferns, those of Coni ferae may perhaps be compared to the peltate scales that 
bear the sporangia of Equisetacese ; and not unfrequently, as in Taxus , Junipcrus , 
&e,, the resemblance of the male flowers to the inflorescence of Eqtiisdum is as 
striking in external appearance as in the actual agreement between them from a 
morphological point of view. The pollen-sacs usually hang, with a narrow base, on 
the under side of their support, and do not cohere in their growth ; their number is 
usually much smaller than in Cycadeie, but much more variable than in Angio- 
sperms ; in the Yew the peltate part of the staminal leaf bears from three to eight, 
in the Juniper and most Cupressincoe three roundish pollen-sacs (Figs. 348, 349). 
Those of Finns , Abies , and their allies lie in pairs parallel or placed obliquely to 
one another, right and left of the pedicel, which here resembles the connective of 
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Angiosperms; in Araucaria and Dammar a , on the other hand, the long sausage- 
shaped pollen-sacs hang in larger numbers free beneath the peltate limb. The 
wall of the pollen- sacs is usually delicate, and finally dehisces longitudinally to 
allow the escape of the pollen-grains, which are produced in extraordinarily large 
numbers, since they have usually to be carried by the wind to the female organs 
of the same or of another tree. The pollen-grains which happen to fall on the 
opening of the micropyle of the ovules are retained by an exuding drop of fluid, 
which about this time fills the canal of the micropyle, but afterwards dries up, 
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and thus draws the ca{>tured pollen-grains to the nuccllus* where they immediately 
emit their pollen-tubes into its spongy tissue. In the Cupressinea:, Taxineae, and 
Podocarpeae this contrivance is sufficient, since the micropyles project outwardly; 
in the Abietineae, where they are more concealed among the scales and bracts, 
these themselves form, at the time of pollination, canals and channels for this 
purpose, through which the pollen-grains arrive at the micropyles filled with fluid 
(cf. Strasburger, /. c.). The large number and lightness of the pollen-grains enables 
them to be carried great distances by the wind ; in the true Pines and the Podo- 
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carpeze their capacity for transport is increased by the vesicular hollow protrusions 
of the extine, as represented in Fig. 351, 1 V, V \ bl . [The pollen-sacs (microspo- 
rangia) of the Conifene resemble the sporangia of the Vascular Cryptogams in 
the mode of their development. A section through the pollen-sac of one of the 
Cupressineai, for example, shows that it resembles a sporangium of Lycopodium : 



in the centre is a group of sporogenous cells surrounded by a layer of flattened 
tabular cells, the tapetum, and externally is the wall of the sporangium. From 
Goebel’s 1 researches it appears that the archesporium, in Biota oriental is at any 
rate, is a hypodcrmal cell, the terminal cell of one of the axial rows of cells of 



Fir. 351 — A pollen-grain of I hu/a onentalts before its escape from the pollcn-s.iC, / fresh, II, III after lying in 
water, the extine e having been stripped off b> the swelling of the intuie t , I! pollen gr.un of Ptiitis Pinaster before its 
escape, e the extine with iis vesicular protuberances bl 


which the young pollen-sac consists. Possibly the archesporium consists in this 
case, as in Lycopodium , of a transverse row of such hypodermal cells. The cells 
of the tapetum are derived here, as in Selaginel/a , partly from the archesporium 
and paitly from the tissue of the wall of the pollen-sac. In Pinus the pollen-sac 


1 [Goebel, Ycrgl. Kntwick. cl. Sporangien, Hot. Zeitg., 1881.] 
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is developed from a group of superficial cells : these multiply by repeated division, 
so that a protuberance is formed consisting of a number of rows of cells invested 
by a parietal layer: the terminal cell of the lowest of these rows becomes the 
archesporium, and it is therefore, in this case also, a hypodermai cell. The cells 
of the tapetum are derived entirely from the parietal cells of ‘the pollen-sac, just 
as is the case in the sporangium of Lycopodium . Goebel draws attention to the 
fact that in the majority of the Cupressinc® the pollen-sacs are protected by an 
outgrowth of the staminal leaf which he considers to be analogous to the indusium 
of Ferns.] 

.A formation of cells, recalling the rudimentary development of a prothallium 
in the microspores of Selaginella and Isoetcs , takes place in the pollen-grains of 
the Conifer® before their dissemination, in the same manner as in those of the 
Cycade® (compare Fig. 345). The process is a very simple one in Taxus 
PodocarpuSy the Cupressine®, Araucaria and in the true Pines. The contents of 
the pollen-grain are divided by a septum so as to form a large and a small cell, 
the latter undergoing no subsequent change (Fig. 351). In the other Abietine® 
the septum becomes arched into the cavity of the larger cell, and a second septum 
is formed in the smaller cell, so that a two-ctdled body is formed which is situated, 
as in the Cycade®, at the posterior end of the grain. At this point the extine 
presents a split which was formerly regarded by Schacht as being the basal cell 
of the internal group, but which, according to Strasburger, arises in the same 
way as the vesicular expansions of the extine found in the grains of many sf ecies 
of Pinus. Strasburger has shown that in all cases it is the large cell of the 
pollen-grain which grows out into the pollen-tube, as is the case in Cycade® 
(Fig. 345). Tf we pursue the comparison with the highest Cryptogams which 
has been already initiated, we must regard the pollen-tube as representing the 
antheridium to some extent, and the internal group of cells, formed before the 
development of the pollen-tube, as corresponding to the vegetative cell in the 
microspore of the Ligulat®, for, like it, it undergoes no subsequent change. A 
peculiarity which distinguishes the pollen-grain of Conifers from that of Angiosperms 
lies in the rupture and final stripping olf of the extine by the swelling of the 
intine (Fig. 351, /, //, ///). Even in this apparently insignificant fact a resem- 
blance is again seen to the microspores of Cryptogams, and especially to those of 
Marsiliace®, in which the swelling endospore protrudes through the exosporc. 

The structure of the Female Flowers is very different in the different sections of 
Conifer®, and in some cases the homology of the separate parts is still doubtful. 
The position of the ovules, as far as can be judged from advanced stages of develop- 
ment, is, in particular, very variable, and with this is again connected the fact that 
different opinions may be entertained as to the. part which should be called the 
carpel. The following description of these structures, a full discussion of which is 
not permitted by our limited space, is drawn immediately from the observation of 
advanced stages of development ; it is possible, however, that the direct observations 
of the most rudimentary stage will cause an alteration in some points 1 . 

The female flowers of Taxus spring from the axils of foliage-leaves belonging 


Compare Strasburger and Eichler, loc , cit. 
L 1 2 
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to elongated woody shoots. They have the form of short branches covered with 
decussate scale-like bracts (Fig. 348, C, D); the axis of the shoot ends in an 
apparently terminal ovule, the nuccllus of which has the appearance of being 
the vegetative cone of the axis, but axillary ovules also occur. In Sal is bur ia the 
female flowers spring from the axils of foliage-leaves belonging to short lateral 
branches which annually produce new rosettes of leaves (Fig. 347 A); the single 
flower consists of a stalk-like elongated axis which bears immediately beneath its 
apex two or more rarely three lateral ovules. Neither in this genus nor in Taxus 
are there any foliar structures close to the ovules which either from their position 
or from any other circumstance can be regarded as carpels. In the genus Podo- 
carpus small flowering shoots are developed, springing in P. chirtcnsis (according 
to Braun) from the axils of foliage-leaves, in P. chilina from the axils of very 
small scale-leaves at the end of elongated leafy shoots; they consist of an axial 
structure slender and stalk-like below, club-shaped above, and bearing three pairs 
of very small decussate scales. The lloral axis terminates between the upper 
pair ; the ovules, in this case anatropous, with their micropyle turned downwards 
and towards die floral axis, spring from the axils of this pair ; one ovule however 
is usually abortive, and the flower becomes one-seeded. In Phy l loci a Jus the lower 
lateral branchlets of the leaf-like flattened shoots are transformed into female 
flowers which arc raised upon a pedicel and arc swollen above into the form of 
a club, the large ovules standing (according to a drawing of DecaisneV) in the 
axils of small leaves. In these two genera the small scales from the axils of 
which the ovules spring may be regarded as carpels, if it is thought necessary to 
assume the existence of these organs. 

The ovules of Juniper us communis (Fig. 349, C) stand in whorls of threes 
beneath the naked extremity of the floral axis, the flower springing as a little 
shoot from the axil of a foliage-leaf, and its axis hearing whorls of three leaves. 
The ovules apparently alternate with the three leaves of the upper whorl, and 
hence must, from their position, be themselves considered as metamorphosed 
leaves; these leaves of the upper whorl swell after fertilisation, grow together 
and become fleshy, forming the pulp of the juniper-berry in which the ripe seeds 
are entirely enclosed ; they may therefore be termed carpels. In the other Cupres- 
sincss the flower consists of decussate whorls of two or three leaves, which grow 
considerably after fertilisation and attain a considerable size, enveloping the seed 
and forming a pericarp which may therefore correctly be said to be formed of 
carpels. In Sabina the pericarp is fleshy and berry-like, as in ]uniperus; in the 
other genera, on the other hand ( Thuja , Cuprcssus\ Calliiris and Tax odium), 
the carpels become woody and assume the form of stalked peltate scales, or of 
valves separating from one another longitudinally {French) ; these are closely 
approximate during the development of the seed, but afterwards open to allow 
the ripe seeds to fall out. The erect ovules of Cupressinea? sometimes appear 
to stand in the axils of the carpels; but it is clear in other cases that they 
spring from the carpels themselves, either low down near their point of insertion 

1 [See Le Maout and Decaisne s Descriptive and Analytical Itotany, edited by Dr. Ilooker, 
l.ondon 1873, j>. 747.) 
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or at a greater height. In Sabina and Callitris quadrivalvis (Fig. 352) only two 
decussate pairs of carpels separate like a star at the time of flowering ; in Sabina 
the ovules stand in pairs in the axils of the two lower carpels, right and left of 
their median line, some of them being frequently abortive ; in Callitris quadri- 
valvis a pair occurs on each of the lower carpels and a pair higher up ; but this 
position can only be explained by further investigation of the history of their 
development. In Thuja and Cupressus there are three or four decussate pairs of 
carpels, in Taxodium a still larger number; in Thuja and Taxodium two erect 
ovules are situated at the base of each of the central pairs of carpels, springing 
from the right and left of their median line ; in Cupressus there are a considerable 
number at the base of each carpel. In Arceuihos drupacea and Freticla verrucosa 
the fruits (in the collection at Wurzburg) consist of alternating whorls of three 
carpels, opening, in the last species, after the seeds become ripe, like a six-lobed 
capsule. Each carpel is swollen on its inner side into a thick placenta ascending 
from the base to the apex, and bearing numerous winged seeds which stand in 
transverse rows of threes ; there are from four to six of these rows on each carpel, 
the whole inner side therefore bearing seeds nearly up to the apex. 

So far as the relative positions of the parts of the flower can be explained 
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without going back to their earliest stage, a great diversity is thus shown in the 
two families of Taxmen* and Cupressinese ; the ovule is terminal in Taxus , lateral 
beneath the summit of the axis in Salishuria , carpellary leaves appearing to be 
entirely absent. In Podocarpus and Phyllocladus they are indicated indeed, as small 
scales, the ovules springing from their axils; but they are small and do not at any 
time constitute a pericarp. A structure of this kind, in the form of a berry or of a 
chambered woody fruit, is indeed formed after fertilisation in the Cupressineac, the 
carpels either becoming fleshy and growing together (as in Junipcrus and Sabina ), 
or becoming woody and closing in laterally by their peltate expansions (as in 
Cupressus , Thuja , and Callitris ), or presenting the appearance of the lobes of a 
unilocular capsule (e.g. French) ; but the carpels are in these cases at first entirely 
open. In Junipcrus communis the ovules form a whorl alternating with the carpels ; 
in the other genera they stand in pairs or in larger numbers at their base, or cover 
the whole of their inner side (as Freneld). 

In the Abietincx the well-known cones are the female flowers (or rather fruits). 
The cone is a metamorphosed shoot, its axis bearing a number of crowded woody 
scales arranged spirally, the ovules arising on them rarely singly, usually in pairs, 
occasionally in larger numbers. In the Abietincx (Abies, Picea , Larix , Cedrus, and 
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Pinus) the seminiferous scales (Fig. 353, A, B y s) appear to be axillary structures 
in the axils of bracts (c) which spring from the axis of the cone ; but the exami- 
nation of very young cones of Abies pectinaia shows that the seminiferous scale 
itself arises as a protuberance at the base of the bract (<), and is therefore not 
axillary. While the bract afterwards grows very little or not at all, this protuber- 
ance increases greatly, and produces on its upper surface two ovules which are 

attached to it by one side with the micropvle 
towards the axis of the cone. The seminiferous 
scale of these genera must therefore be con- 
sidered as a great iy developed placenta growing 
out of a carpel (Fig. 353 A , 7 ?, <) which is very 
small or even abortive \ According to this view 
the whole cone is a single flower with a number 
of small open carpels (hitherto considered as 
bracts), which are far outstripped in their growth 
by their seminiferous placenta! (the scales). In 
the other Abietinca? also, the female flowers of 
which I have had no opportunity of examining, 
it may be concluded from the descriptions that 
the cone is a single flower with numerous semi- 
niferous scales arranged spirally, not springing 
from the axils of leaves, but growing imme- 
diately out of the axis of the cone, and therefore 
themselves leaves and of a carpellary nature. 
Eichler (/. c.) says, in reference to Dammar a , 
Cunning hamia, A rlhrofaxis, and Sequoia: — ' ‘The 
scales of a cone are in these genera all of one 
kind; they consist simply of open carpels; and, 
in order not to introduce confusion into the 
definition of a flower, the whole of what is found 
on the axis, in other words the whole cone, must 
be considered a single flower; and this is also 
necessary in the case of the Araucariex\ the 
Cupressineae, and the male ‘catkins' of all Coni- 
fcrseV In Araucaria each scale (or carpel) 
bears only a single ovule, which, according to 
Eichler, is so enveloped by it that the only 



l r !f. 353 ~ Ahtf’i pectrnata (after Sclwuht). jI a 
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1 Braun, Caspary, and Kichler consider the seminiferous scale in Pinus and Larix as itself a 
flower; /. e. as a short axis which has coalesced with its two carpels and stands in the axil of the bract 
(c in our figure). In that case the cone of these genera, in contradistinction to that of the other 
Conifera.* and of Cycadea;, would be an inflorescence (ef. Caspary in Ann. des Sci. Nat. 4th series, 
vol. XIV, p. 200, and Mora, 1862, p. 377 ) I but this view 1 have already contested more in detail in 
my first edition, p. 427. It is impossible to consider the seminiferous scale of Pinus and Abies itself 
as a single carpel. In opposition also to the most recent views of Mohl (Hot. Zeitg. 1871, p. 22, and 
of Strasbuiger), I cannot bring myself to consider the seminiferous scale of the true Ahietineae as a 
coherent structure formed of two leaves of an undeveloped branch. 

2 Bidder thinks that an exception must be made in favour of Podocarpus and Cephalotaxus, 
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opening left i9 that of the micropyle which faces the axis of the cone; in Cun - 
ninghatnia there are three ovules, in Arthrotaxis from three to five, in Sequoia 
from five to seven, in Sciadopttys as many as seven or eight on one scale, and 
their micropyle here also faces the axis of the cone. In Dammara the scale 
bears, according to Endlicher 1 , only one ovule which, like those of Sequoia and 
Sciadopttys, are inserted near the apex and hangs down free 2 . 


1 [Van Ticghem has been led by studying the distribution of the bundles in the different parts of 
the female bud of Conifers? to the opinion — different from that expressed by Sachs— that the female 
flower throughout this group of plants is in every case constructed after a single fundamental type 
which has undergone various secondary modifications. He has given in a note to his French trans- 
lation of the present work the following abstract of the conclusions which are worked out in greater 
detail in his paper already cited in the Annalcs des Sciences Naturellcs. 

Neither the axis of the female bud nor its leaves or bracts of the first order ever bear ovules. It 
is always upon structures arising from the axils of these bracts that the ovules make their appearance. 
This establishes a fundamental distinction between Cycadew and Conifers?. In the former group it 
is always the leaves of the female bud of the first order that produce the ovules directly. While 
therefore we may regard the female bud in Cycadeee as well as the male as contributing a single 
flower, this does not hold good in the case of Conifers?. We may if we please regard the male bud 
of Coni for a? as a single flower, but the female bud is an inflorescence. The structure which bears 
the ovule in Conifenc is always a foliar organ — the fust and only leaf of an axis which undergoes no 
further development. This leaf, which is more or less largely developed beyond the circumscription 
of the ovule or ovules which it bears, is an open carpel and in itself constitutes the whole female 
flower. It is always inverted, that is to say, it arises upon the suppressed axis which bears it with 
its ventral face opposite to and united with the ventral face of the primary bract. When the ovules 
do not terminate the carpel, it is upon its structurally dorsal — but in respect of position upper — face 
that they arise, just as it is upon its structurally dorsal — but in respect of position lower — face that 
the pollen sacs arise upon the stamen. 

This is the general type. It remains to consider the principal secondary modifications which aie 
superinduced upon it in the different genera. 

The axillary branch, which is reduced to its fust leaf, is most frequently of the first generation 
in res)x?ct to the axis of the female bud; but it is also sometimes of the second (Taxus) and may 
even be of the third order ( Torreya ). The carpel itself is either entirely distinct from the parent 
bract (the Pinea?, Taxinca?) or the two leaves are united together by their ventral surfaces and are 
only sepal ate towards their summit tCupressinea\ Scquoiesc, Ai aucaricre). This difference merely 
depends upon a different localisation of the intercalary growth of the two leaves; it is a difference 
the same in kind as that which separates a dialypetnlous corolla from a gamopetalous one. Whether 
free or united with the bract, the carpellary leaf beats its ovules sometimes towards its base 
(Cupres»inea?), sometimes towards its middle (Pinea?), sometimes towards its summit (Araucariere) ; 
each represents a lobe, more or less developed, of the dorsal face of the carpel. 

In the Taxinece the ovules terminate the carpellary leaf ; they result in this case from the trans- 
formation of its whole entire limb, whether each half of the limb forms an ovule ( Salhburia , Cepha- 
lotaxm ,), or whether the entire limb has only produced a single one ( Podocarpus , Phyllocladus , Taxus, 
Torreya , &c.). In this case it is evidently only the petiole of the ovuliferous leaf which represents the 
carpel ; if the petiole is long ( Salisburia ) the carpel is obviously developed ; but if it remains very 
short ( Cephnlotaxus , Podocarpus , Phyllocladus , Taxus , Torreya , &c.) the carpel is almost absent — in 
other words, the carpellary leaf is reduced to a sessile limb completely converted into a single ovule 
(Podocarpus, Taxus , &c.) or into two ovules ( Cephalotaxus ). The number of the ovules which each 
carpellary leaf bears, as well as the number of carpellary leaves themselves, that is to say, of the 
female flowers which enter into the composition of the inflorescence, both vary, and may even be 
simultaneously reduced to unity, which is the ordinary case in Taxus.] 

2 [For a review of the literature of the question whether the ovules of Conifenc arc really naked 
or whether there is a true ovary, see Eichler, * Sind Hie Conifcren gymnosperm, ,oder nicht ?’ in ‘Flora’ 
for 1873, translated in Trans. Bot. Soc. Edin. 1873, PP» 535 ~ 54 1 - Eichler here, in opposition to 
the contrary view of Strasburger, sums up the whole argument strongly in favour of the opinion that 
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The Ovules (macrosporangia), as we have already seen, are in the Podocarpe®' 
anatropous and furnished with two integuments; in the rest of Conifer® they are 
orthotropous and possess only one integument ; in the Cupressine® and Paxine® 
they are erect, in the Abietine® inverted, with the micropyle towards the base of 
the scale, to which the ovules are usually attached on one side. In these cases 
there is no funiculus, and the ovule consists only of the small-celled nucellus and 
one integument, which usually projects above it and forms a comparatively wide 
and long micropylar canal, through which the pollen-grains reach the apex of 
the nucellus, which is sometimes depressed (see Figs. 347, 348, 349, 352). Lateral 
outgrowths of the integument not unfrequenlly cause the ovule, and afterwards 
the seed, to appear winged on both sides, as in Ca/liiris quadrivalvis (Fig. 352), 
Erenr/a, &c. The wing-like appendage of the seed of Finns and Abies , on the 
other hand, is the result of the detaching of a plate of tissue from the seminiferous 
scale, which remains attached 10 the ripe seed. 

[ The Development of the Ovule and of the Embryo-sac . The development of the 
ovule begins in Taxus (according to Strasburger, Angiospcrmen und Gymno- 
spermen) witfh the division, parallel to the surface (periclinal), of a group of hypo- 
dermal cells at the punctum vegetationis of a lateral branch, and this is lollowed by 
similar divisions in the overlying epidermis. The rudiment of the ovule is sur- 
rounded by a projecting ring of tissue, also developed by the division of hvpodermal 
cells, which is the first indication of the integument. The ovule elongates in 
consequence of growth and repeated cell-divisions, and consists internally of a 
number of longitudinal rows of cells, which have all been derived from the hypo- 
dermal layer, invested by several layers of cells which have been derived from the 
epidermal layer. The apical cells of these internal rows are distinguished by their 
size and by the granularity of their protoplasm ; they constitute the archesporium : 
they are surrounded by tapetal cells, but it is not clear whether the tapeium is 
derived from the archesporium or from the surrounding cells of the nucellus. One, 
but sometimes more, of the archesporial cells, usually the central one, divides so as 
to form three cellb lying one above the other, and it is the lowest of these which 
enlarges and becomes the embryo-sac. The development of the ovule in Ginkgo 
biloba and in Fodocarfms c hi mu sis follows essentially the same course, as docs also 
that of Thuja o<cidentalis. It will be observed that in these plants several embryo- 
sacs are frequently indicated at first, but only one attains perfect development. 

In the Abietine® (Larix eurofma , Finns sylves/ris and Fumilio) the multipli- 
cation of cells by the repeated division of the hvpodermal and epidermal cells is 
much less considerable. The archesporium is unicellular ; as it elongates a small 
cell is cut off from it towards the free surface of the ovule, which is a tapetal cell; 
the lower cell now divides into two, and of these two the upper divides again into 
two; the lowest of these three cells developes into the embryo-sac. Only one 
embryo-sac is ever indicated in the group. 

A section of the young ovule of one of the Cupressine®, before the embryo- 
sac is developed, presents, as Goebel has pointed out, a considerable similarity 

the Conifers- are really gymnospermous. In his most recent work on the subject (Die Angiospermen 
uiul die ( i\ mnospcTmen) Strasburger accepts the view of the gymnospcinious nature of the ovule.] 
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to a section of a young sporangium of Lycopodium : the archesporium consists 
in both cases of a group of cells bounded by a tapetal layer. There is reason, 
inasmuch as their mode of development is the same, to regard these cells in the 
Cupressineae as being, like the archesporial cells of Lycopodium , spore-mother-cells ; 
but whereas in Lycopodium each of these mother-cells produces four spores, in 
the Cupressinece only one of them persists and it produces only one spore, the 
embryo-sac. The embryo-sac is then the equivalent of the macrospore of the 
heterosporous Vascular Cryptogams. 

In the Abietineae, the archesporium has become much reduced as compared 
with that of the Cupressineae. The Cupressineae resemble the higher Vascular 
Cryptogams in the mode of development of the ovule and embryo-sac, whereas the 
Abietineae approach the Angiospenns.] 

Development of the Endosperm (Prothallium). The first stage in the development 
of the endosperm is the division of the nucleus of the embryo-sac ; each of the two 
nuclei divides again, and this process is repealed until a number of nuclei have been 
formed which lie in the peripheral protoplasm. Around each nucleus the protoplasm 
becomes marked off by an ectoplasmic layer, cell-walls are formed, and thus one 
or two layers of endosperm-cells are formed in the embryo-sac in contact with its 
wall. These cells grow in the radial direction, and divide in such a manner that 
the embryo-sac is filled with parenchymatous tissue. In those Conifene in which 
the seeds take two years to ripen, as Pinus sy Ives Iris and Juniperus communis , 
the endosperm formed in the first summer is again absorbed in the spring, the 
protoplasm of the primary endosperm-cells is set free by the deliquescence of their 
cell-walls, and forms by division a number of new cells which, in May of the second 
year, again fill with parenchymatous tissue the embryo-sac now considerably in- 
creased in size. 

The archegonia (corpuscula) are developed, according to Strasburger’s obser- 
vations, from superficial cells of the prothallium (endosperm) in the same manner 
as the archegonia of the highest Cryptogams. The mother-cell increases in size 
and is divided by a septum parallel to the surface of the investing embryo-sac ; 
a large inner (lower) cell is thus formed, the central cell of the archegonium, and 
an upper small one, lying next the embryo-sac from which the neck of the 
archegonium is formed 1 . In Abies canadensis this neck remains simple and uni- 
cellular, and elongates considerably with the increase in size of the surrounding 
endosperm ; but usually the original cell which constitutes the neck divides into 
several cells which either lie only in one plane (Figs. 354 A, d f 355 7 , d ), the 
‘ stigmatic cells,’ or form several layers lying one over another (as in Abies excclsa 
and Pinus Pinaster). Seen from above the neck appears to form a four-celled, 
or, in Abies excclsa , even an eight-celled rosette. The homology of the ‘ corpus- 
culum ’ with the archegonium of Vascular Cryptogams, already established by the 
earlier investigations of Hofmeister, is carried a step further by Strasburger, who 
discovered the formation also of a canal-cell. He considers that the part of the 
protoplasmic contents of the large central cell which lies immediately beneath the 

1 Hofmeister (Vergleichendc Untersuch ungen, p. 12^) gives a somewhat different account of the 
origin of the archegonium [(lerminatiou, &c, p. 410]. 
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neck is separated from the rest by division, and a small cell is thus formed shortly 
before fertilisation (/. e. before the access of the pollen-tube to the endosperm) ; 
this cell being clearly equivalent to the canal-cell so often mentioned in Vascular 
Cryptogams which is afterwards converted into mucilage 1 . In Abies canadensis and 
txcelsa and Tinus Larix this canal-cell is, according to Strasburger, very evident; 
while in the Cupressinete {Thuja , Juniper us , and Callitris) its demarcation from the 
rest of the contents of the central cell is only slight. As in those Vascular Crypto- 
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further developed, / the pollen-lube ( Jim*; »<») ( x .sxi) ; C lonifitudin.il se« tion of a nuccUus (June 15), A& nuccllus, e < endo* 
/ pollen-tube, u v embryos proceeding from two archt-yuma (X S»). 


gams where the ventral part of the archegonium is plunged in the tissue of the 
prothallium, the neighbouring cells become transformed by further divisions into a 
parietal layer surrounding the oosphere, so the same thing takes place also in the 
endosperm of Coni ferae. In the Abietinex* each archegonium is separated from an 
adjacent one by at least one, often by a large number of layers of cells : those of the 
Cupressineae, on the other hand (Fig. 355, cf>) } are in lateral contact. The arche- 


1 In Figs. 354 and 355, which arc transferred from the first edition, the canal-cell is not 
indicated. 
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gonia of Taxus are short; in those of the Abietineae the oosphere is elongated; 
in the Cupressineae it becomes angular from the pressure of the adjacent cells. 
The number of the archegonia which are formed in the endosperm beneath the 
apex of the embryo-sac is very various ; Hofmeister and Strasburger state that in 
the Abietineae it is from three to five, in the Cupressineae from five to fifteen 
(according to Schacht it may even be thirty), in Taxus baccala from five to eight. 
The continuous growth of the surrounding endosperm causes the formation of 
funnel-shaped depressions above the archegonia, which in some Abietineae are but 



T’ lfi * 5 v- yiottftrui n*tuMitut\ (aflcr Hofincistur) / three an begonia <■/ close beside one another, in two of them 
the mdinicnUry embryo a is seen nt the lower end of the oosphere, d ms h ( ells, / pollen-tube (July (* **<). // .1 

similar section, < e the endosperm, v i> the embryos : U! lower end of one of ,1 suspeitsor with the rudiment of the embryo 
rfi; //'longitudinal section of the uu< cllus <■/•, e the endospri in. <•' portion of the endosperm that u> broken up,/ pollen- 
tube, r/ the archegonia, v the suspensort, (beginning of August) (x Ho), 


shallow, in Pinus Pinaster , P. Strobus , &c., deep and narrow. In these species each 
of the funnel-shaped depressions leads down only to the neck of one archcgonitim ; 
in the Cupressineae (Cal! tin's. Thuja , and Juniper us), where they lie closely crowded 
together, the cluster of them is walled round by the endosperm, and a funnel is 
formed common to them all, which still remains closed by the cell-wall of the 
embryo-sac. 

Fertilisation . The pollination of the ovules takes place before the archegonia 
are formed in the endosperm ; the pollen-grains, having reached the apex of the 
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nucellus, put out their tubes at first only for a short distance into its tissue ; their 
growth is then for a time suspended. After the archegonia are completely de- 
veloped, the pollen-tubes begin to grow again into the endosperm in order to 
reach them 1 . This interruption of their growth lasts, in those Coniferae whose 
seeds ripen in a single year, for only a few weeks or a month ; when the seeds 
take two years to ripen, as in Juniper us sibirica and communis , and Finns sylvestris 
and P. Sir ohm , it lasts until June of the next year. Whilst the pollen-tubes pene- 
trate through the loose portion of the tissue of the nucellus, their width gradually 
increases at their lower end, their wall becoming at the same time thicker; until at 
length they meet the wall of the embryo-sac which has now become soft, break 
through it, penetrate into the funnel of the endosperm mentioned above, and attach 
themselves firmly to the cells of the neck of the archegonia. In the Abietinece and 
Taxincx' each pollen-tube fertilises only one archcgonium ; and several tubes there- 
fore penetrate into the funnel at the same time ; in the Cupressineie on the contrary 
one pollen-tube suffices for the fertilisation of the whole group of archegonia beneath 
the broad funnel of the endosperm. The tube entirely fills up the funnel and applies 
itself to the necks of the whole group of archegonia; short narrow protuberances 
from the wide pollen- tube now grow into the separate necks of the archegonia, 
forcing the neck-cells from one another and destroying them, and at length reaching 
the oosphere. The same process takes place in the Abietineae and Taxinea j ; the 
pollen-tube, after widening, becomes narrower and enters the neck of only one 
archcgonium, and penetrates finally as far as the oosphere. A thin spot may be 
observed at the extremity of this protuberance of the thick-walled pollen-tube, winch 
obviously facilitates the escape of the fertilising substance ; and this is probably 
assisted by the pressure exerted by the tissue which lies above on the part of the 
pollen-tube outside the archcgonium. Hofmeister states that a few free primordial 
cells (Fig. 355, 1 ) are sometimes formed in the end of the pollen- tube, which he w'as 
inclined to consider as rudimentary indications of mother-cells of amherozoids 
(corresponding somewhat to those in Sabin in), and Strasburger has detected the 
existence of bodies of this kind in Juniprrm and Finns. [The process of fertilisation 
takes place, according to Strasburger 2 , as follows. In Juniper us virginiana he ob- 
served that when the apex of the pollen-tube reached the archegonia, the primordial 
cells in the end of the tube arrange themselves so that they lie over the archegonia. 
These cells now undergo absorption, the more antc'iior ones disappearing first. He 
frequently detected in the oosphere of Picta, at the time of fertilisation, two nuclei. 
One of these is the nucleus of the oosphere, and may be termed the ‘ female pro- 
nucleus the other appears to have passed into the oosphere from the pollen-tube, 
and is the ‘ male pronucleus' ( spermakern ). These two nut lei coalesce to form the 
definitive nucleus of the oospore. It seems that, in addition to the nuclear sub- 
stance, a certain amount of protoplasm also passes into the oosphere from the 
pollen-tube, and fuses with the protoplasm of the oosphere. The pollen-tube of 
the Abietineae contains a consideiable number of starch-grains, and these too are 

1 In Salisburia ( GingJco hiloba) fertilisation does not take place until October, when the seed is ripe 
and has already fallen off. The embryo is developed within the seed during the winter months. (See 
Strasburger, Die Coniferen und Gnetaceen, 1872, p 2yi.) 

‘ [Urber Bcfruchtung und Zelltheilung, 
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conveyed, probably in a soluble form, into the oosphere. In the Cupressineae, the 
pollen-lube contains no starch -grains, but they appear abundantly in the nucleus of 
the oospore. The pollen-tube remains completely closed during the whole process. 
The lirst manifest result of fertilisation in the oospore is the division of its nucleus 1 . 

In Pirns and Picea the nucleus usually travels to the lower end of the oospore ; it 
then divides into two, and each of these divides again into two, and thus four nuclei 
are formed which lie in one horizontal plane. Around each of them protoplasm 
becomes aggregated, and thus a formation of cells takes place. It is from these cells 
that the embryo or embryos are developed. Exactly the same takes place in Juniper us . 
In Ginkgo ( Salhburia ) the nucleus divides, and this is repeated until a large number 
of nuclei have been formed; a process of free cell* formation is then initiated round 
these nuclei ; the cells become separated by cellulose walls, multiply by division, and 
together constitute the embryo.] 

The mode of origin of the embryo is very different in the various families, but in 
nearly all of them certain cells form a suspensor, and, by their great elongation, carry 
the rudimentary embryo, which lies at the apex of the suspensor, through the base of 
the archegonium out into the tissue of the endosperm where the embryo developes 
into a young plant 2 3 . In the Cupressineae the cell from which the embryo is de- 
veloped (Fig. 355) becomes divided so as to give rise to three superposed cells, of 
which, in Thuja occidentalism only the upper two become divided into four by longi- 
tudinal walls, whilst in the lowest the rudiment of the embryo is formed by means of 
oblique septa : the embryo is then extruded from the archegonium by the elongation 
of the upper cells. In this case an oospore gives rise to a single embryo, growing 
at first by means of an apical cell from which two rows of segments are cut off but 
which it afterwards loses. In Juniper us, on the other hand, the lowermost of these 
three cells becomes divided into four by intersecting longitudinal walls, which are 
forced out by the elongation of the cells above them : these four cells become 
rounded off and they separate, each giving rise to a rudimentary embryo. In this 
case one oospore gives rise to four embryos, only one of which developes into a 
plant. The first development of the suspensor in the Abictincse is somewhat 
different. The four cells lying side by side in one plane become divided by trans- 
verse septa so as to form three tiers ; the cells of the second tier grow out into long 
coiled filaments, whereas those of the uppermost tier remain in the oospore as a 
rosette : the four cells of the lowest tier, which have been forced into the endosperm 
by the elongation of those above them, are repeatedly divided and thus contribute to 
the elongation of the suspensor ; the four rows of ceils then separate, each bearing 
a terminal cell from which the rudiment of the embryo is developed in such a 
manner that the possibility of the existence of an active apical cell is excluded :t . 
Thus in the Abietinea? also four rudimentary embryos are developed from a single 

1 [Strasburger, Zellbildung und Zelltheilung, 3rd edition, p. 46.] 

a [Strasburger has observed (Angiosf ermen u. Gymnospermcn, p. 149) that in Cepkalotaxus For - 
tunei and in Araucaria braiiliana certain cells at the apex of the embryo arc thrown off when it has 
made its way into the endosperm.] 

3 [ Skrobiszevvski has pointed out (Bull, de la Soc. Imp des Natural, de Moscow, 1873), and his 
observations have been confirmed by Strasburger (Die Angiospermcn und die Gymnospermen), that 
the embryo of Pinus Strains , unlike that of the other Abictinca*, grows in length by nuans of a two- 
sided apical cell.] 
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oospore ; but Picea vulgaris in this group resembles Juniperus in the preceding, in 
that only a single embryo is developed. In Taxus baccata the rudiment of the 
embryo consists of two or three tiers of cells, the upper of which elongate to form 
the suspensor : the lower tier consists of from four to six cells, one only of which 
gives rise to the embryo : the suspcnsors do not become isolated (Fig. 354). In 
Salisburia , according to Strasburger, no suspensor is formed : the cells which are 
formed in the oospore, after fertilisation, form a coherent mass of tissue, which 
increases by cell-division, and this constitutes the embryo. 

It appears, therefore, that several embryos can be produced from one oospore ; 
the number within a single endosperm being increased by the simultaneous fertilisation 
of severa larchegonia. Polyeinbry ony, which is rare among Angiosperms (see infra), 
is thus the typical condition among Conifers and generally among Gymnosperms, 
but only in the very earliest stage ; for usually only one of the rudiments developes 
into a vigorous embryo, such as has already been described. During its development 
the endosperm also continues to grow vigorously; its cells become filled with reserves 
of food-materjal (fat and albuminoids) ; the embryo-sac which surrounds it grows at 
the same time, and finally supplants the tissue of the nuccllus, the tissue of the in- 
tegument hardening at the same time into the testa. In Salisburia , however, an 
outer strong layer of tissue forms the pulpy envelope which causes the seed to 
resemble a drupe. The elongated cells of the suspensor usually disappear during 
these processes, but according to Schacht are permanent in Larix. 

During the period that the seeds are ripening, the carpels and the placentae 
also continue to grow and to undergo changes in texture. In Taxus a red aril, 
which afterwards becomes pulpy, grows round the ripening seed (Fig. 348 ///) ; in 
Podocarpus the part of the floral axis that bears the scales and the seeds, and which 
was already considerably swollen, becomes fleshy; in Juniperus and Sabina the 
carpels themselves form the blue ‘ berry' which envelopes the seeds : in most other 
Cupressineae the carpels grow, close up laterally and become woody ; and the same 
occurs in those Abictinex which are without bracts (in respect to Cunninghamia , 
vide supra) ; while in Pinus , Abies, Cedrus , and Larix , it is the placental scales 
which after fertilisation grow vigorously, outshipping in their growth the true carpels 
(bracts), become woody, and form the mature cone. In all these cases (except 
Podocarpus , Salisburia , and 7 \ixus) y the seed is closely and firmly enclosed during 
ripening by the carpels or placental scales ; it ripens within the fruit, the parts of 
which do not again separate or become detached (as in Abies pedinata) in order to 
allow of the escape of the seeds until they are completely ripe. 

So long as we are still in doubt as to the nature of the female flowers of various 
genera, the systematic arrangement of the Conifers: can only be considered as provi- 
sional; Kndlicher (Synopsis Conifcrarum, 1847) distinguishes the following families: — 

Family 1. Cupressine®. Leaves, including those of the flowers, opposite or 
verticillate (in Division e single); flowers monoecious or dioecious; stamens terminating 
in a shield-like expansion hearing pollen-sacs in twos or threes or larger numbers; 
female flower consisting of alternate whorls of carpels, bearing at their base or on their 
inner surface two or a larger number of erect ovules (in Juniperus communis the ovules 
are alternate with the three carpels on the floral axis) ; embryo with two, rarely three 
or nine cotyledons. 
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(a) Juniperinea . Fruit berry-like (Juniper us, Sabina). 

(b) Actinostrobea . Carpels united into valves ; afterwards separating as a four- or 

six-rayed star (Widdringtonia, Frencla , Actinostrobus , CalVttris , Libocedrus). 

(c) Thujopsidea. Carpels partially overlapping one another (Biota, Thuja , Thujopsis.) 

(d) Cupressinea vera. Carpels peltate and polygonal in front (Cupressus, Cha- 

nt# cypar is). 

(e) Taxodinea. Carpels peltate or overlapping; leaves alternate (Taxodium Gly- 

ptostrobus , Crypt omeria). 

Family 2. Abie tine©. Leaves usually acicuiar and arranged spirally, singly, or in 
twos, threes, or rosettes on special short shoots ; flowers monoecious, rarely dioecious ; 
stamens numeious, with two or more long pollen-sacs; female flower consisting of 
a number of scale-like placentae arranged spirally, which are cither themselves carpels or 
are lignified outgrowths of small carpels ; micropyle of the ovule turned towards the base 
ot the placenta ; embryo with from two to fifteen cotyledons. 

(a) Abietinea iwra. Seeds in pairs on a scale-like placenta which springs from a 

small open carpellary leaf ( Finns , Abies, Tsuga , Larix , Ccdrus). 

(b) Araucartea. Seed single on the carpel, and enveloped by it ( Araucaria ). 

(c) Cunningham tea. Seeds single or numerous on a carpel (Dammara, Cunning - 

ha mia, Art hrot axis, Sequoia , Sciadopiiys ). 

Family 3. Podocarpo©. Leaves acicuiar or broader, and arranged spirally ; flowers 
monoecious or dioecious; stamens short, with two roundish pollen-sacs; female flower 
consisting of an axis swollen above with small scale-leaves, from the axils of which (?) 
the ovules spring ; embryo dicotyledonous. 

Podocarpus ( Dacrydium , Microcachrys ). 

Family 4. Taxi no®. Leaves arranged spirally, acicuiar or often of considerable 
breadth; in Phyllocladus there are no foliage-leaves, these being replaced by leaf-like 
branches; flowers always dioecious ; stamens of various forms, bearing two, three, four, 
or eight pendent pollen-sacs ; female flowers always consisting of a naked axis or 
of one furnished with small leaves, bearing the erect ovules terminally or laterally ; 
ripe seed enclosed in a fleshy aril or with the outer layer of the testa fleshy ; embryo 
dicotyledonous. 

Phyllocladus , Salishuria , Ctphalotaxus , Torreya , Taxus . 


C. GNETACE/E 1 . 

This order includes three genera which differ strikingly in habit. The Ephedra* 
are shrubs with no foliage-leaves and with long, slender, cylindrical green-barked 
branches ; at the joints of the stem are two opposite minute leaves which grow 
together into a bidentate sheath, and from their axils the lateral branches spring. 
In Gnetum the leaves arc also opposite on the jointed axes, but large and 
stalked, with a broad lanceolate lamina and feather- veined venation. Thirdly, 
Welwitschia mirabilis , so remarkable a plant in many other ways, possesses only two 
foliage- leaves of immense size. They are extended on the ground and become 
divided into strips as they become old ; the stem remains short, rising only slightly 


1 See Strasburger, Die Coniferen und Gnetaceen, Jena, 1872, 
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above the ground, and is broad above with a furrow across the top, while it is 
tuberous below, and passes into the tap-root 1 . 

The Flowers of Gnetacew are unisexual, and are arranged in dioecious 
{Ephedra) or monoecious inflorescences; the inflorescence has a well-defined form, 
and in Ephedra and Gnetum springs from the axils of the opposite leaves. The 
mate flower of these genera consists of a small bifid perianth, in the middle of 
which rises a staminal column, which in Gnetum is bifurcate above and bears two 
bilocular anthers, in Ephedra a larger number crowded into a head. The female 
flower of Gnetum (Eichler, in Flora 1863, p. 463), like that of Ephedra, also possesses 
a perianth, flask-shaped in the former, obscurely trigonous in the latter genus; it 
envelopes a central ovule possessing in the case of Ephedra one integument, in 
that of Gnetum two, the inner of which is elongated like a style 2 . The more exact 
morphology of these flowers is still doubtful. In Gnetum the inflorescence, which 
springs from the axil of the foliage- leaves, consists of a jointed axis with verticillate 
leaves, in the axils of whicli the flowers, male and female, are agglomerated. The 

inflorescence of Wdwitschia' is a dichotomously branched cvme nearly a foot in 
/ 

1 For a full description of this remarkable plant see J. IF Hooker in Trans. Finn. Soc. 
vol. XXIV. 

a [According to lleccari (Della Orga nogen in dei fiori feminei del Gnetum Gnemon, Kuovo 
(iioin. but. ital. IX, 1877} the female flowers are lateral axes, the nucellus Ining the end of the axis. 
Strasburger (Angiospeimen und (Jymnospeimen) icgards the two investments of the nueellus in 
Ephedra and the three in Gnetum as integuments.] 

3 [According to Professor \Y. K. M'Xab, ‘The cones of Wehvihchia consist of numerous 
opposite and decussate bracts, with a sessile flower in the axil of each of the biacts. The perfect 
flowers in the male cone consist of two outer perianth leaves (calyx) placed light and left, two inner 
ones (corolla) placed anteriorly and posteriorly, six stamens united below, and two carpels anterior 
and posterior, Ihe conical end of the axis projecting as a rudimentary axile ovule mu rounded by the 
two carpels. The outer parts of the perianth are first developed appearing as two shoulders at the 
very base of the young floral branch. The flower next in age has the floral axis more elongated, the 
outer parts of the perianth larger, and a distinct swelling is \isible aho\e the outer parts. These 
swellings arc anterior and posterior, and much larger than the outer parts. Above tire inner pails of 
the perianth the axi* is expanded, and contracts near the rounded apex. The expanded portions are 
superposed on the outer lateral parts of the jrerianth, and are the two primordial staminal cushions. 
These cushions arc semilunar, and in tire earlier stages show no trace of division into three. At this 
stage the parts of the perianth rapidly enlarge and cover in the central parts of the flower. A pro- 
jection now forms anteriorly and posteriorly, the hist indication of the two carpels. The next stage 
shows the two staminal cushions each forming three elevation*, the central one larger than the tw'O 
lateral ones. The six stamens are thus produced by the branching of two primordial stamens. In 
the next stage the carpels elongate and cover in the punctum vegetations s, ultimately developing, 
the peculiar st)le and *tigrna-like process. The axis elongates slowly and fonrrs a conical pro- 
jection which is undoubtedly a rudimentary axile ovule, but it never shows any appearance of 
an embryo- sac.’ 

In the female flowers, which are produced in different cones from the male flow'trs, the develop- 
ment is very different. A very short stalk is developed in the female, which is wanting in the male ; 
then two shoulders are developed exactly like the two outer parts of the perianth in the male flower, 
to which Dr. Hooker considered them to he equivalent. Judging from the construction of the male 
flower. Professor M' Nab was disposed to accept this \icw; but with hesitation, as he could not 
account for the stalk-like proce-s. Strasburger however concludes that they are carpels, and in 
that M'Xab quite concurs. Above the carpel* the axis elongates slightly, and a ling is formed 
surrounding the punctum vegeta tinnis. 'bins ring is the ovular integument. Comparing the two 
flowers, it will Ire seen that in the male there are four series of pails, in the female the three outer 
scrie* arc wanting and only Ore c\irj els remain. I Ini in the male flower the carpels are anterior and 
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height, rising above the insertion of the two enormous leaves on the periphery of the 
broad apex of the stem. The branches of the inflorescence are terete and jointed, 
spring from the axils of the bracts, and bear upright longish cylindrical cones ; these 
are furnished with from seventy to ninety broadly ovate scale-leaves standing closely 
one above another in four rows, a single flower being seated in each axil, male and 
female in different cones. The male flowers are pseudo-hermaphrodite, and possess 
a perianth consisting of two pairs of decussate leaves ; the lower ones are entirely 
free, sickle-shaped and pointed, the upper ones broadly spathulate and coherent at 
their base into a compressed tube. Within this tube are six stamens, monadelphous 
at the base, with cylindrical filaments and terminal spherical bilocular anthers, which 
dehisce above the apex with a three-armed fissure ; the pollen-grains are simple (?) 
and elliptic. The centre of the flower encloses a single erect orthotropous sessile 
ovule with broad base, and with no other investment than a simple integument, 
which is drawn out into a style-like tube with a margin expanded in a discoid 
manner ; the nucellus, however, has no embryo-sac, or is sterile. In the female 
flowers the perianth is tubular, greatly compressed, somewhat winged, and altogether 
undivided ; there is no indication of any male organ ; the ovule (in this case of 
course possessing an embryo-sac) is entirely enclosed in the perianth, and is similar 
in its external form to that of the male flower, but with this difference, that the elon- 
gated point of the integument is only simply slit, not expanded into the form of a 
plate 1 . When ripe the cone is about two inches long and of a scarlet colour; the 
scales are persistent ; the perianth enlarges considerably and becomes broadly 
winged ; its cavity is narrowed above into a narrow canal, through which the apex 
of the integument passes. The seed is of the same form as the unfertilised ovule, 
and contains abundant endosperm, in the axis of which lies the dicotyledonous 
embryo ; the embryo is thick at the radicular end, and is there attached to the very 
long spirally-coiled suspensor. The formation of endosperm commences in the 
embryo-sac before fertilisation ; archegonia without necks, consisting, that is, only of 
oospheres, are formed which grow out of the embryo-sac to the number of from 
twenty to sixty, and penetrate into the canal like cavity of the nucellus, there they 
are fertilised by the pollen-tubes which have grown to meet them. [After fertilisation, 
the oospore elongates into a tube, a portion of which is cut off by a wall near its 
lower end. This cell at once divides into four, placed crosswise. These cells mul- 
tiply by division, so that a group of cells is formed which, for the most part, constitute 
the embryo ; the marginal cells of the group grow out into long tubes, the so-called 
* embryonal tubes/ Although from two to eight archegonia arc fertilised only one 
embryo is developed. 

The development of the ovule and of the embryo-sac has been studied by 
Strasburger (Angiospermen und Gymnospermen) in Gnetum Gtiemon . Groups of 


posterior, while in the female they are lateral. This is to be explained by the fact that the carpels 
are here the first leaves of a branch, and that it is very rare (except in grasses) that the first leaves of 
a shoot are anterior or posterior, and not lateral. The ovular integument of the female flower is 
wanting in the male. While therefore the male flower is complex, the female is remarkably simple. 

For further details see Transactions of the Linnean Society, 1873, vol. XXVIII. pp. 507-512. 
On the general Morphology and Histology of Welwit&chia sec Bower, Quart. Journ. Micr. Sci. 1881. 

1 [Strasburger ( loc . cit.) now regards the ‘ perianth ’ as an outer integument.] 

M ill 
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epidermal cells, situated in the * cupule’ formed by the bracts, begin to divide, and 
then divisions lake place in the hypodermal cells ; by this means a number of 
protuberances are formed, usually six or eight, in a whorl, which are the rudimentary 
ovules. Around each of these the external integument begins to grow up : when the 
external integument covers about two-thirds of the nucellus, the middle integument 
begins to be formed, and this is immediately followed by the appearance of the 
innermost integument. The nucellus elongates al>ove the insertion of the external 
integument, and in consequence the cells of which it consists can be distinctly seen 
to be arranged ui longitudinal rows. The terminal cell of one or more of these 
rows, which is therefore hypodcrmal, elongates, and thus the archesporium is consti- 
tuted. These cells now undergo divisions, cells Ixdng cut off from them towards 
the free surface of the nucellus ; these cells thus cut off form part of the tapetum, 
the larger cells beneath them being the mother-cells of the embryo- sacs. Of these, 
one only gives rise to an embryo-sac, the others becoming obliterated. The forma- 
tion of the endosperm begins with the division of the nucleus of the embryo-sac: 
a number of,nuclei are formed by repeated division, ami around these free cell- 
formation takes place. 

The development of the ovule of Ephedra is much the same as that above 
described in ( 'hie turn . The endosperm of Ephedia produces from three to five 
archegonia, with an elongated oosphere, a distinct canal-cell, and a long neck con- 
sisting of rows of cells. After fertilisation the nucleus of the oospore divides, and 
the two new nuclei separate and travel towards the opposite ends of the cell. Here 
they undergo division, and this is repeated until usually eight nuclei have been 
formed. Around these a process of free cell-formation now takes place, and each of 
the cells thus formed becomes enclosed in a cellulose wall. Each of these cells, 
which are quite distinct from each other, now grows out into a tube which escapes 
from the archegonium and penetrates into the endosperm : a small portion of the 
tube is now cut off by a transverse septum near the apex. It is from this cell 
that the embryo is developed. It divides into two by a transverse wall parallel 
to the first, and these two cells grow and divide in various directions ; sometimes a 
two-sided apical cell is formed by means of which the embryo grows.) 

A small cell is formed in the pollen-grain of Ephedra as in that of the Cupres- 
sinex. 

7 /v Histology of Gymnos forms. From the abundant though still unsifted material 
I will only adduce a few particulars a* a contribution to the special characteristics 
of this section. 

The Eibro-Tascular Bundles' art' similar in their structure to those of Dicotyledons., 
There is a system of bundles common to the stem and leaves; the portions which 


1 Mold, Pan ties Cycadeenstammes .Verm. Si hr. p. hjz). Kiaus, ban der Cycadeen-Fiedern 
(Jahrb. f. Miss. bnt. vol. IV. p. &&)). - Gc\lcr. FeUr Gda^sbundelvcrlauf bd Coniferen (ditto, 
vol. \ I p. bS). — 1 homas, Vcrgl. Atitit. des ( onifcr-blalti-s (ditto, \<A IV. p 43). — Mohl, Uebcr die 
grossen gctiipfdtcn Rohren von Ephedra (Verm. Schr, p. 2b(p.—J. 1 ). Hooker, On Welivitschia 
(Trans. Finn. Soe. vol. XXLY). — Dippd, Histologic der Goniferen (Hot. Zcitg. 1862 and 1863). — 
Kossniami, ban des 1 lobes (Frankfurt-a-JVI. 1863) —Mohl, liot. Zeitg. 1871.— [Bertrand, Anal. comp, 
des tiges et dcs feu i lies chc/ les Gnctacees ct lcs ( oniferes, Ann. Sci. Nat., st!r. 5. XX. — bower. On 
Wrlwitsckia. Ouarl. Journ. Micr. Sci. 1881.- He Jiar y, Veigldchcnde Anatomic der Vegelationsorganc, 
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descend into the stem forming a circle, where a closed cambium-ring is produced by 
the formation of interfascicular cambium. 7 'he ascending portion, which curves out into 
the leaf itself, assumes in Cycadeae more or less the character of a closed bundle, while 
in the leaves of many Coniferae it at least retains the appearance of an open bundle. [In 
most cases the growth in thickness of the stem is brought about by the division of the cells 
of the cambium-layer, but in Cycas and Encepbalartos the activity of the cambium-layer 
is of limited duration. The subsequent growth in thickness of the stem in these two 
genera is effected by the production of successive new cambium-rings, which make their 
appearance just outside the bast, of the older vascular bundles.] No exclusively caulinc 
bundles are produced in the stem of Gonifera: or of Ephedra ; but in some Cycadeae acces- 
sory-bundles arise in the older stem which are independent of the common bundles and of 
those formed by the cambium-layers. Thus in the tissue of the pith of Encepbalartos slender 
isolated bundles occur ; while in Cycas a system of thicker bundles is developed in the cortex 
which may form there in old age one or more apparent rings of wood. As far as we can 
judge from Hooker’s description, bundles occur in the bark of Wehvitsehia which owe their 
origin to a layer of mcris'.em enveloping the whole stem 1 . The Coniferae, as has been 
mentioned, possess only common bundles, the descending portions passing through a 
number of internodes, and then joining others lower down either unilaterally or on both 
sides by splitting into two arms and turning to both sides. The leaves of Coniferae, 
when narrow, contain only one fibro-vascular bundle from the stem, which then usually 
splits into two halves running parallel to one another (Fig. 102); when the leaves are 
broader, two ( Salisburia , Ephedra) or even three bundles occur ; when the leaf forms 
a flat broad lamina, as in Salisburia and Dam mar a, the bundles ramify in it, but without 
forming a net-work ; in Salisburia they repeatedly branch dichotomously. In Coniferae 
these bundles seldom form prominent veins, but run through the middle of the tissues of 
the leaf. In the two gigantic leaves of IVelwitscbia there are a number of bundles, the 
parallel ramifications of which run into the middle layer of tissue. In the large pinnate 
leaves of Cycadeae there are also several bundles which curve nearly horizontally within 
the cortical parenchyma, and split into a number of stout bundles in the leaf-stalk when 
it is thick; these bundles exhibit a beautiful arrangement when seen in transverse sec- 
tion (in Cycas revoluta, e.g. in the form of an inverted 12). They run parallel in the 
rachis of the pinnate leaf, and give off branches into the pinna:, where they either run 
parallel in the middle layer of tissue (as in Dion) or dichotomise (c.g. Encepbalartos ) ; 
while in Cycas they form a mid-rib projecting beneath. The course of the bundles in 
the leaf therefore shows a decided resemblance to that of many Ferns. 

The substance of the wood of the stem is formed trom the descending bundles, 
which are at first completely isolated, but soon coalesce into a closed ring by portions of 
cambium which cross the medullary rays. The primary wood or xylem, termed the 
Medullary Sheath, which consists of the xylem-portions of the descending limbs of the 
common bundles, contains, in all Gymnosperms, as in Dicotyledons, long narrow vessels 
with annular or spiral thickening-bands, while further outwards occur scalariform or 
rcticulately thickened vessels. The secondary wood produced from the cambium-ring 
after the cessation of growth in length consists, in Cycadea* and Conifers:, of long 
trachcides grown one into another in a prosen chymatous manner (cf. p. 25) with a few 
large bordered pits, which are usually circular, at least when the wood is mature. Every 
possible stage of transition occurs between these trachcides and the spiral vessels 
of the medullary sheath. The secondary w T ood of Cycadeae and Coniferae is distin- 
guished from that of Dicotyledons by the striking peculiarity that it is composed only 
of this prosen chymatous form of cells 2 ); and that the wide dotted vessels composed of 
short cells are wanting which penetrate the dense narrow-celled masses of the wood of 
Dicotyledons. In the younger stems of Cycadea* the trachcides with broad bordered 

1 [I)e Bary compares the structure of the stem of Wehvitsehia to that of Chenopodiaceas and 
Amarantacea*. etc. (see infra ) ; that of Gnetum to that of Phytolacca, Polygalerv, Dilleniacece, etc.] 

* Wood parenchyma is not formed, or only in small quantity. 

M 111 2 
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pits and hence with a more of less scalar i form wall are very much like the long prosen- 
chymatous vessels of Vascular Cryptogams ; and this resemblance extends even to 
the tracheides of Coniferse, so far as they are distinctly prosenchymatous, although the 
smaller number and round form of the bordered pits shows a more marked difference. 
The bordered pits of Conifer# are usually developed only on the wall which faces the 
medullary rays, in one or two rows, but in Araucaria in larger numbers and densely 
crowded. In the structure of the secondary wood, as in that of their flowers and 
in their habit, Gnetace# approach Dicotyledons; in Ephedra broad vessels occur in 
it together with the usual tracheides in the inner part of the ring of wood, but their 
component cells are separated by oblique septa, and are therefore still prosenchymatous, 
and are penetrated by several roundish holes ; their lateral walls show bordered pits like 
the tracheides, and furnish a striking evidence that the true vessels in the secondary 
wood of Dicotyledons are connected by intermediate forms with the vessels of Vascular 
Cryptogams formed from prosenchymatous cells. In the wood of Welwitschia tracheides 
with doubly bordered pits are also present. 

The medullary rays of the secondary wood of Conifer# are very narrow, often only 
one cell in breadth; the cells arc strongly lignified, and their lateral faces in contact with 
the adjoining tracheides are provided with closed bordered pits. In Cycadea? the rays are 
broader, ani their tissue bears a closer resemblance to the parenchyma of the pith and 
cortex ; their number and width cause the whole substance of the wood to appear spongy, 
and its prosenchymatous cells are seen to be strongly curved in different directions in 
tangential sections. The phloem-portion of the fibro-vascular bundles of Gymnosperms 
resembles that of Dicotyledons ; it is mostly composed of true strongly-thickened bast- 
fibres, cambiform cells, latticed cells, and parenchymatous cells ; while in Conifer# they 
are formed in alternate layers. Usually the soft bast predominates. 

The Fundamental Tissue of the stem of Gymnosperms is separated by the ring of wood 
into pith and primary cortex. Both are very strongly developed in Cycadca:, especially 
the pith, and consist of true parenchyma, while the woody portion is considerably 
smaller. In Wehvitschia the parenchymatous tissues appear also to predominate; but 
the greater part of their substance is the product of the activity of the meristem-layer of 
the stem already mentioned. A large number of so-called spicular cells occur dispersed 
in all the organs of this remarkable plant, they are fusiform or branched and greatly 
thickened; and a number of beautifully developed cnstals are found imbedded close to 
one another in their cell-wall. Similar structures also occur in Conifer# (p. 66). 

The parenchymatous fundamental tissue of Conifer# decreases greatly with the 
increase in age of the stem (and of the root). With the exception of the pith, which is 
here small, the stem consists exclusively of the products of the cambium-ring, since the 
primary cortex, and afterwards also the outer layers of the secondary cortex which 
always have a subsequent growth, are used up in the formation of cork. In the stem of 
Cycadeae, the increase of which in thickness is inconsiderable, the formation of cork is 
also very small; in H'ehvitschia it appears to be entirely wanting (?). 

Intercellular Passages arc widely distributed in Gymnosperms ; their structure is that 
which has been explained generally at pp. 78 and 9 4. In Cycade# they are found in all 
the organs in large numbers, and contain gum, which exudes from incisions in thick 
viscid drops; in Conifer a* they contain oil of turpentine aftd resin. In this latter order 
they occur in the pith of the stem, in the whole substance of the wood, and in the 
primary and secondary cortex, as well as distributed through the leaves; always 
following the direction in length of the organs, like the gum-passages of Cycade#. 
In many Conifers with short leaves roundish resin-glands also occur in them (as in 
Callitrisy Thuja , and Cupressus , according to Thomas) ; in Tax us the resin-canals are 
entirely wanting *. 

1 [Van Tieghem (Ann. des. Sci. Nat. 1872) distinguishes the six following modifications of the 
distribution of the secretory organs in Conifer#:— 1. No canals in the root nor stem: Taxus. 2. No 
canals in the root ; canals in the cortical parenchyma of the stem : Cryptomeria , Taxodtum , Podo * 
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The Leaves of Cycadeae and Coniferse are covered by a firm epidermis, usually 
strongly cuticularised, and furnished with numerous stomata, each with two guard-cells. 
In the Cycadeae the guard-cells are more or less deeply depressed, and the stomata occur 
only on the under side of the lamina, and are either irregularly scattered, or arranged in 
rows between the veins (Kraus). In the leaves of Conifers the guard-cells are also, 
according to Hildebrand (Bot. Zeit. 1869, p. 149), always depressed in the epidermis; 
and the stoma has hence always a vestibule. In Coniferae the stomata are developed 
either on both or only on one side of the leaf ; when the leaf is broad, as in Dammara 
and Salisburiay they are irregularly scattered ; when the leaves are acicular they mostly 
lie in longitudinal rows ; and in the large leaves of WeUvitschia they are also arranged in 
lows. The firm texture of the leaves of Cycadeae and Coniferae is due to a hypodermal 
layer, often strongly developed, consisting of strongly-thickened, generally long, fibre-like 
cells lying parallel to the surface; in the leaf of Welwitschia 
this hypoderma consists of spongy succulent tissue penetrated 
by bundles of fibres, which acquires its hardness from a mass 
of spicular cells. The chlorophyll-tissue of the leaves lies 
beneath this layer, and is developed on the upper side of the 
leaves of Cycadeae and of the broader leaves of Coniferae as 
the so-called Pallisadc-tissue ; i. e. its cells are elongated in a 
direction vertical to the surface of the leaf and are densely 
packed together. In Pinus , Larix> and Cedrus the cells which 
contain chlorophyll exhibit the infoldings of the cell-wall 
which have been already mentioned at p. 74. The middle 
layer of the tissue of the leaf, in which also the fibro-vascular 
bundles run, has usually a peculiar development in Gymno- 
sperms ; in Cycadeae and Podocarpeae it consists of cells elon- 
gated in a direction transverse to the axis of the leaf and to 
the bundles, but parallel to the surface of the leaf, leaving 
large intercellular spaces (Transfusion-Tissue of Mohl). In 
the acicular leaves of the Abietineae the fibro-vascular bundle, 
split into two, is enveloped by a colourless tissue, which is 
sharply differentiated from the surrounding chlorophyll-tissue (Fig. 102). It is paren- 
chymatous, and is distinguished by the large number of bordered pits which the walls 
of the cells bear (Fig. 356) 1 . 



rliyiiM surrounding ll' 
t ular bundle of tl"' 1i 
bordered -pits cut 
same seen from the sui 


carfm. s, Dacrydium , Torreya , Tsugn , Cunninghamia. 3. No canals in the root ; canals in the cortical 
parenchyma and in the pith of the stem : Salisburia. 4. A secretory canal in the root ; canals in the 
cortical parenchyma of the stem: Cedrus , Abies , Psendolarix. 5. Canals in the wood of the fibro- 
vascular bundles of the root and stem ; canals in the cortical parenchyma of the stem : Pinus , Larix , 
Picea , Pseudo/sugn. G. Canals in the liber of the fibro-vascular bundles of the root and of the stem; 
canals in the cortical parenchyma of the stem: Araucaria, Widdriugtonia , Thuja, Cupressus, Biota. 
In Cycfldecc the canals are found disseminated through the cortical parenchyma of the stem ; the 
pith of Cycas appears destitute of them. In their distribution they resemble therefore that which 
occurs in the second class of Conifera: ] 

1 For further details see Mohl, Hot. Zeit. 1871, Nos. 1, 2. 
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ANGIOSPERM S 1 . 

Monocotyledons and Dicotyledons are distinguished from Gymnospcrms by 
the following characters: — their ovules are formed within a receptacle, the Ovary; 
the endosperm originates in the embryo-sac only after fertilisation, — characteristics, 
the importance of which has already been shown in the general introduction to 
Phanerogams. Concurrently with these distinctions there are however a number 
of other peculiarities in these plants taken as a whole which distinguish them from 



1 Kyu.vccum of th«* fomali' flr.wcr with the sterik* '.unions a, b .inuv.try cut through horizontally ; O .in mule , H horizontal 
section of nn anthci ; a (m 11 and t. ) the outer, «*' the inner stamens, i (in /;) the carpets ; f (in 11 and f) the perianth. 


all other vascular plants ; and this is especially the case with the structure of the 
flowers and the fruit, the normal morphological relations undergoing such peculiar 
combinations and changes that a more detailed description of them must precede 
the special description of the two classes which they include. 

The Flower as a whole' 1 . The flower of Angiosperms is rarely terminal, i.e. the 
primary stem, which is a prolongation of the axis of the embryo, rarely terminates 


1 From uyytiot', a receptacle, capsule, ovary, and anipiAa, seed. 

8 The most important and comprehensive work on the flovvcis <,( Angiosjn i ins is Payer's Traite 
d'< >rganogenie de la Fleur (Paris 1857), with 1 5.4 plates. Alsu Van 1 icglu/iii, Kech. sm la .structure 
<lu pistil Mem. des savants rt rangers, XXI. 1871), and his notes in the French edition. [Kilcher, 
Piluthendin^rarrmie, and (iray, Structural JJotan\ | 
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in a flower, making the plant uniaxial. When this is the case a sympodial or 
cymose inflorescence is usually developed, new axes with terminal flowers arising 
beneath the first flower; but it is more common for only axes of the second, 
third, or a higher order to terminate in a flower, so that the plant may in this 
respect be termed bi-, tri-, or multi-axial. 

While in Gym nosperms the flowers are typically unisexual or diclinous, herma- 
phroditism largely prevails among Angiosperms, although monoecious and dioecious 
species, genera, and families are not uncommon. The male flowers are sometimes 
essentially different in structure from the female flowers (as in Cupulifera? and 
Cannabinece), but in most cases the unisexuality arises merely from the partial or 
entire abortion either of the andrcecium or the gynxccuui, the flower being in other 
respects constructed on the same type (Fig. 357, y 1); and in such cases it also 
frequently happens that hermaphrodite flowers are developed in addition to the 
male and female (polygamous species, as the Ash, Acer, Saponaria ocymoidcs , &c.). 
But even in the greater number of eases where the male and female organs are 
completely developed in hermaphrodite flowers and functionally perfect, fertilisation 



takes place by the conveyance of the pollen of one flower to the gynxeeum of 
other flowers or even of other individuals of the same species, because either polli- 
nation within the same flower is impossible in consequence of special contrivances 
(such as dichogamy), or because the pollen is potent only in the fertilisation of 
ovules of another flower (as in Orchidex, Cotydalis, & c.). To these phenomena 
we shall recur more in detail in the Third Book, when speaking of the physiology 
of sexual reproduction. 

While in Gymnosperms the floral axis is usually elongated to such an extent 
that the sexual organs, especially if numerous, are evidently arranged one above 
another in alternate whorls or in spirals, — in Angiosperms, on the contrary, the 
floral axis which bears the floral envelopes and sexual organs is so abbreviated 
that space can only be found for the various foliar structures by a corresponding 
expansion or increase in size of the receptacle or torus ; this receptacle swells even 
before and during the formation of the floral leaves in a club-shaped manner, and is 
not unfrequently expanded flat like a plate of even hollowed out like a cup in such a 
manner that the apex of the axis is plated at the bottom of lli< hollow (p. 2 jo), while 
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the cup thus formed encloses the carpels (as in perigynous flowers), or even takes 
part in the formation of the ovary, which is then inferior (Fig. 358). The result of 
this abbreviation of the axis is that the separate parts do not usually stand one above 
another, but rather in concentric whorls, or in scarcely ascending spirals, for which 
reason the explanation of the relative positions expressed by a diagram in the sense 
explained on p. 188 appears the most obvious. This abbreviation of the axis is also 
obviously the immediate cause of the numerous cohesions and displacements which 
are nowhere met with so frequently as in the flowers of Angiosperms. The small 
development of the floral axis in length depends on the early cessation of its apical 
growth; the acropetal or centripetal order of succession of the floral leaves may 
therefore be disturbed 1 * by the production of intercalary zones of growth, although 
even in these cases the disturbance of the ordinary regularity remains inconsiderable. 
The acropetal order of succession is however even here in most cases strictly carried 
out, and the apical growth of the floral axis not unfrequently continues long enough 



Mi.. ,stj. - Lhtnof'i'dmtn {jutuoa, i— II 'development of tin flower (m longitudinal section), /the calyx furnished 
with glandular hairs h, a anthers. A, £ cmpi'l*. sA ovule, x apex of the floral axis, ^'humonlaJ section of an anther 
with four pollen-sac^ on tile connective oh (strongly magnified). 

to allow the foliar structures to arrange themselves in evident whorls placed one over 
another or in spirals (e.g. Magnolia , Ranunculacete, Nymphseaceae). Occasionally 
also particular portions of the axis are greatly elongated within the flower, as the 
portion between calyx and corolla in Lychnis (fig. 3 ^ 0 * 111 Passijlora that between 
corolla and stamens, in Labiatae that between stamens and ovary. 

The flower of Angiosperms, like that of Gynmosperms, is a metamorphosed 
shoot, a leaf-bearing axis ; but this section of the vegetable kingdom is especially 
characterised by the high degree of metamorphosis which the floral shoot has 
undergone, and by the very peculiar characteristics and the different arrangement 
of the foliar structures as contrasted with those of the purely vegetative shoots. 
As far as external appearance goes, the flower of Angiosperms is an altogether 

1 The cases adduced by Hofmeister (Allgenicine Morphologic, § 10) of the absence of strict 

acropetal succession in the foliar structures all Ixdong to this categoiy. 
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peculiar structure, sharply differentiated as a whole from the rest of the organism. 
This peculiar appearance is due not only to the special properties of its axis, 
but especially to the presence of the floral envelopes, and most of all to the 
circumstance that the foliar structures of the flower are arranged, with rare 
exceptions, in the form of whorls, even when the leaves of the vegetative shoots 
are alternate or distichous, or disposed in other similar arrangements. Each of 
the distinct appendicular organs of the flower, viz. the perianth, androecium, and 
gynaeceum, is usually represented by several members arranged in concentric 
circles or in a spiral ; so that one or more perianth-whorls are immediately succeeded 
within by one or more whorls of stamens, and these by the gynaeceum in the 
centre of the flower. One or other of these whorls may however be absent, or 
each of the separate whorls may be represented by only a single member, as 




Frc.. 360 .—(liffuru: vulgarts; st piece of an erect stem, the flowers standing in tin- axils of the whorl of leaves (whu h have 
been cut off) ; B horlasont.il section of a female flower above the ovary, p perianth, ip carpel ; C horizontal section of the anther ; 
1 —/V longitudinal section of flowers in various stages of development, * anther, / filament, g style, n stigma, p perianth, 
fk the inferior ovary, sk the pendulous and anatropous ovule. , 


in Hippuris (Fig. 360), where only one stamen and one carpel are contained within 
a scantily developed perianth. It is only rarely that the whole flower is reduced 
to a single sexual organ, as the female flowers of Piperaceae, or the male and 
female flowers of some Aroideae; it is much more commonly the case that the 
flower is composed of successive whorls of members disposed from without inwards 
(or from below upwards), consisting of the same or multiples of the same number \ 
radiating from the centre on all sides like a rosette, an arrangement which is 

1 [To this peculiarity of structure the term ‘ symmetrical* is generally applied in English text- 
books; in the present work however this word is used in a very different sense, namely in reference to 
any structure (foliar or floral) which can be divided into two similar halves, or the parts of which are 
radially disposed around a central point; see p. 204.] 
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frequently partially obscured at a subsequent period by bilateral development and 
abortion. 

The Floral Envelope or Perianth is only rarely entirely wanting, as in the 
Piperacese and many Aroidea? ; more often it is simple, i. e, it consists of only 
one whorl of two, three, four, five, or rarely a larger number of leaves (as in 
Figs. 357> 358); in this case the perianth is frequently inconspicuous and composed 
of small green leaves, as in the Chenopodiaceoe and Urticacece, but is sometimes 
large, of delicate structure and brightly coloured (petaloid), as in Arislolochia , 
Mirabilis , &c. But in both classes of Angiosperms (Monocotyledons and Dicoty- 
ledons) the perianth is usually composed of two alternating whorls consisting of the 
same number of leaves, two, three, four, five, or rarely more. In most Dicotyledons 
and many Monocotyledons the form and structure of these two whorls is very 
different ; the outer whorl or Calyx consisting of stouter, green, usually smaller leaves 
(Sepals), while the inner whorl or Corolla is more delicate, and is formed of white or 
bright-coloured, usually larger leaves (Petals). It is however more convenient, for 
the sake of brevity, as Payer has already suggested, to designate the inner whorl as 
corolla, the 'outer whorl as calyx, even in those cases where the structure of the two 
is the same 1 ; and this is the more necessary since the contrast of structure 
referred to is frequently wanting, both whorls being either scpaloid, as in Jun- 
caceae, or both petaloid, as in Liliurn ; in Hell chorus, Aconilum , and some other 
species, the outer whorl or calyx alone is petaloid, the inner whorl or corolla 
being transformed into nectaries. In some Dicotyledons the perianth does not 
consist of alternating whorls, but of a smaller or larger number of turns of spirally 
arranged leaves, the number of which is then usually large or indefinite ; the outer 
or lower leaves of this spiral arrangement may in this case also be sepaloid, the inner 
ones alone petaloid (e.g. Opuntia ), or they may all be petaloid (as in Epiphyllum 
and Tiollius), or a gradual transition takes place from the sepaloid through the 
petaloid to the staminal structure (as in Nymphaa). 

But besides the usual sepaloid and petaloid form and structure of the perianth- 
leaves, there occur other considerable deviations from the ordinary foliar structure. 
Thus, for example, the (imperfect) perianth of Grasses consists of very small delicate 
colourless membranous scales (the Loduulcs j, that of some Cyperacese is replaced by 
hair-like bristles, the Selcr ; in the place of the calyx of Composite a crown of 
hairs, the Pappus, surrounds the corolla ; and it has already been mentioned that the 
petals of Acomtum , Hdlebvrus, &c. are transformed into nectaiies of a peculiar 
form. 

W hether the perianth consist of one or two whorls, the leaves of the same 
whorl have very commonly the appearance of being coherent or of coalescing with 
one another, forming a cup, bell, tube, and so forth, the number of the coherent 
sepals or petals being determined by that of the marginal teeth. Coherent perianth- 
whorls are produced, after the formation of the distinct foliar structures at the cir- 
cumference of the receptacle, by the common zone of insertion of these distinct 
structures being raised up by intercalary growth as an annular wall, and forming, as 


j The substantives calyx and corolla then designate the position of the whorl, the adjectives 
sepaloid and petaloid the nature of the part. 
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it continues to developc, the part common to the whole whorl of floral leaves. 
The coherent tubular or campanulate part does not therefore consist of originally 
free portions which cohere subsequently by their edges, but from the very first it 
forms a whole which is intruded, so to speak, at the base of the perianth-leaves ; 
the originally free leaves eventually forming the marginal teeth of the common 
basal portion. Applying the term Sepal to a calycine, Petal to a corolline leaf, 
a calyx consisting of coherent leaves is gamosepalous or synsepalous> a corolla con- 
sisting of coherent leaves gamopetalous or sympetalous ; if the leaves of the perianth- 
whorl are not coherent, but free, this is expressed by the terms eleutherosepalous 
or aposepalous , and eleutheropetalous or apopetalous \ When there is only one 
perianth- whorl, and it is desired to state whether it consists of coherent or of free 
leaves, the terms gamophyllous or symphyllous and eleuther aphyllous or apophyllous 
may be used. It sometimes happens moreover that two perianth-whorls coalesce 
into one, so that, for example, two alternating trimerous whorls have united into a 
six-toothed tube (as in Hyacinthus , Muscari , &c.). 



J !(. LoitKituiiiti.il se< turn turnu^l) flower of l.ych n is /I os - yovts , y the elongated portion of the axis 

(anthophore) between calyx and corolla ; * ligulc of the petals or corona. 

If the leaves of the outer and inner whorls are free (not coherent), and if 
the distinction between calyx and corolla is clearly marked, then, in addition to 
the structural distinctions already named, other differences of form are also usually 
to be observed. The sepals have generally a broader base, are sessile, usually of 
very simple outline and pointed at the apex ; the petals have mostly a narrower 
base, their upper portion is often very broad, and a distinction is not unfrequently 
apparent of claw ( unguis ) and blade ( lamina ), and the lamina is often divided or 
otherwise segmented. At the point where the lamina bends back from the unguis, 
ligular structures are often formed on the inner or upper side, which, when treating 
the flower as a whole, arc comprised under the term Corona , as in Lychnis 
(Fig. 36 1), Saponaria y Nerium , Hydrophyllcai, &c. When the corolla itself is 


1 The terms ' poly sepal oils’ arul 4 polypetakms * are objectionable, since these terms do not 
express the contrast correctly; still more so are ‘ monosepalous ’ and 4 monopctalous/ as applied to 
tlie coherent whoils, because they have no lcference to the true natuic of the phenomenon. 
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gamopetalous, the parts of the corona also coalesce, as in Narcissus, where it is 
very large. 

The whole form of the perianth, especially when its structure is decidedly 
petaloid and its dimensions considerable, always stands in a definite relation to pol- 
lination by the aid of insects [or birds] : and large, brilliantly coloured, odoriferous 
flowers only occur where the fertilisation is brought about by this means. The 
purpose of these properties is to attract insects to visit the flowers; and the in- 
finitely varied and often wonderful form of the perianth is especially adapted 
to compel certain positions of the body and certain movements on the part of 
insects of a definite size and species when searching for the nectar, by which the 
conveyance of pollen from flower to flower is unintentionally accomplished by 
them. We shall recur in detail to these physiological questions in the Third Book. 
The radial or bilateral symmetry of the perianth is usually associated with that of the 
other parts of the flower, and will therefore be discussed in connection with it. 

Besides the perianth in the narrower sense which we have hitherto considered, 
there are often additional envelopes to the separate flowers. In the Malvaceae and 
some other ^plants the true calyx appears to be surrounded by a second calyx 
( Epicaly x or Caly cuius ), the morphological significance of which, however, varies. 
In Malopc trifida , for example, the three parts of the epicalyx represent a sub-floral 
bract with its two stipules ; in Kitaibelia vil folia , the six-parted epicalyx consists 
(according to Payer) of two such sub-floral leaves with their four stipules. Again, 
the epicalyx may be purely illusory from the production of stipular structures by 
the true sepals, as in Rosa and Potentilla . In Dianihus Caryophyllus and some 
other species a kind of epicalyx results from two decussate pairs of small bracts 
which are found immediately beneath the calyx ; in the terminal flowers of Anemone 
a whorl of bracts stands at a short distance below the flower, which takes the 
form in the nearly allied Eranthis hyemalis of a kind of epicalyx 1 . The epicalyx of 
the small flowers of Dipsacacese is of special interest, each of them being surrounded, 
within the crowded inflorescence, by a membranous tube, which here forms the 
epicalyx. Sometimes, after the perianth and sexual organs have begun to be formed, 
an outgrowth of the flower-stalk, at first annular, is formed below' the flower, growing 
up afterwards in the form of a cup or saucer, and bearing scaly or spiny protuberances. 
A structure of this kind is called a Cupule ; and the cup in which the acorn of the 
various species of Oak is seated is of this nature 2 . In this case the cupule surrounds 
only one flower, in the Sweet-Chestnut and Beech on the other hand it encloses a 
small inflorescence. This spiny cupule afterwards splits from above, separating into 
lobes, to allow the escape of the fruit which has ripened within it. When an 
inflorescence is surrounded by a peculiarly developed whorl or rosette of leaves, as in 
Umbelliferse and Composite, this is called an Involucre; when a single sheathing leaf 
envelopes an inflorescence springing from its axis, it is a Spalhe . Both involucre and 
spathe may assume a petaloid structure, the former, for example, in Cornus florida , 
the latter in Aroideas. 

1 P'h c garden Clematis known as ‘Lucie Lemoinc’ possesses a well-marked seven-leaved 
involucre which has evidently originated from the growth of the axis above the outermost whorl 
of the multiplied petaloid sepals.] 

1 fhi the development of the acorn-cup see Hofineistei, Allgeincme Morphologic, p. 465. 
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The Andrasciutn is composed of the assemblage of the male sexual organs of a 
flower. Each separate organ is called a Stamen , and consists of the Anther and its 
stalk the Filament , which is usually filiform, but sometimes expanded like a leaf. 
The anther consists of two longitudinal halves (anther-lobes) placed on the upper 
part of the filament right and left of its median line ; and the portion of the filament 
which bears the lobes of the anthers is distinguished as the Connective . 

The lateral position of the stamens on the floral axis (the receptacle) is quite 
unmistakeable in all hermaphrodite and in most exclusively male flowers. Their 
lateral position, their exogenous origin from the primary meristem next the puncium 
vegetalionis of the floral axis, their acropetal order of development, and the frequent 
monstrosities in which the stamens assume more or less the nature of petals, or even 
of foliage-leaves 1 , place it beyond doubt that they must be considered morpho- 
logically as foliar structures, and make it convenient to term them Staminal Leaves ; 
the filament, together with the connective, being considered as the leaf, of which 
the two anther-lobes are appendages. From a morphological point of view it is 
therefore indifferent whether the filament greatly preponderates in size, or is incon- 
siderable as compared to that of the anther. Certain cases have, however, become 
known in which the anther appears itself to be a product of the floral axis, and the 
stalk, which corresponds to the filament, is the floral axis itself, but doubts suggest 
themselves as to the accuracy of these observations and as to the correctness of their 
interpretation. According to Magnus 2 * , the vegetative cone of the male floral axis 
of Naias becomes transformed into a quadrilocular anther by the formation of 
pollen-mother-cells in four peripheral longitudinal strips of its tissue. Kaufmann 
had previously described a somewhat similar process in the case of the anther of 
Casuarina; and, according to Rohrbach 8 , the apex of the floral axis of Typha 
either itself developes into the anther, or it first of all branches and then forms an 
anther on each branch. Schenk asserts in a letter, that this latter statement is 
erroneous ; according to his observations the stamens are developed like those of 
the Composite on the margin of the shallow depression at the apex of the parent 
axis. The question as to the nature of the organs bearing the anthers in the 
Kuphorbiese, whether they are modified branches (caulomes) or leaves, is discussed 
in a considerable literature which does not, however, lead to any decision 4 5 . Even if, 
as Warming states, the single anther of Cyclanthera is developed at the apex of the 
floral axis, this central organ is not necessarily a caulome any more than the axillary 
sporangia of many Lycopodiex*. The true significance of such cases as these 
cannot be arrived at from a study of development alone, but comparisons must be 
instituted, as also in those cases in which complete abortion of certain parts of the 
flower occurs, with nearly related forms, that is, the ‘ phylogenetic method ’ must be 
followed. These remarks apply also to the above-mentioned peculiarities of the 
anther in Naias and Casuarina n . 

1 [On ‘phyllody’ and ‘pctalody’ of stamens see Masters, Vegetable Teratology, Ray Soc. 1869, 
PP- 253 ~ 2 5 6 . and 285-296.] 

'* Magnus, Bot. Zeitg. 1869, p. 771. 

8 Rohrbach, in Sitzungsber. dcr Gesellsch. naturf. Freundc in Berlin, Nov. 16, 1869. 

4 Warming, in HnnsleirTs Bot. Abhandl. Bd. II. 

5 [See also Magnus, Beitr. z. Kennt. d. Gatt. Naias, Berlin, 1870. — Strasburger, Die Coniferen 
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But, besides, the morphological homology of the separate parts of the ordinary 
stamens is not yet altogether determined, more precise investigations into the history 
of development being still wanting in this direction. Cassini and Rbper consider 
the two anther-lobes as the swollen lateral halves of the lamina of the stamen ; their 
loculi would therefore in that case be mere excavations in the tissue of the leaf; 
the pollen-mother-cells become differentiated inside the young tissue of the leaf, 
According to this view the furrow between the two pollen-sacs of an anther-lobe (see 
Fig. 357, //) would correspond to the margin of the staminal leaf; but this cannot be 
the case at least not always, according to Mold's observations. When the stamens 
become transformed into petals (by the so-called ‘ doubling 1 of the flower) as in the 
Rose, Poppy, Nigella damascena , Sec., it may be observed with certainty that the 
anterior and posterior loculi do not stand opposite one another, which would be 
the case if one belonged to the upper, the other to the under side of the staminal 
leaf; but that both are formed on the upper surface, the anteiior loculus nearer the 
median line of the leaf, the posterior one nearer its margin. It is further observable 
that in such £ases the two pollen-sacs of an anther-lobe do not always stand close to 
one another, but that they are frequently separated by a tolerably broad piece of the 
leaf, and that this intermediate piece contracts in the normal state into the par- 
tition-wall between the two pollen-sacs. The greater stress must be laid on these 
observations of Mold, because in them the abnormal development only shows more 
plainly what* can often enough be seen in a horizontal section of the anther and 
connective of normal stamens, viz. that the pollen-sacs of an anther-lobe evidently 
belong to one side of the stamen ; it appears, however, that they must in some cases 
be referred to the under (Fig. 357, C, //), in others to the upper side (Fig. 360, C). 
The origin of the pollen-mother-cells and the development of the wall of the separate 
pollen-sacs calls to mind so vividly in all essential features the corresponding pheno- 
mena in the sporangium of Lycopodiaceas and even of Equi-etacea*, that it may be 


find Gnctacien. 1872.- Hieronymus, Zur Ihuttmg sogen. axiler Antheren, Bot. Zeit. 1872, and 
Bcitr 7. Remit, d. Centrolepidaccen, Halle 1873. — Reuther, Bcitr. z. Intwick. d. Bltithe, Bot. Zcitg. 
1876. Kngler, Bcitr. z. Kcrmt tier Anthercnbildung, Jahrb. f. wiss. Bot. X. 1876. — Celakovsky, 
Tcialologische Beitijigc zur morphol. Deutung des Staubgefa ses, Jahrb. f. wiss Bot. XI. 1878. 

With reference to Typha, Magnus finds that the apparently axial stamen consists really of lime 
coherent lateral stamens. In Ncuas, Casuarina and Cyclanthern , the stamen is undoubtedly axial. 
It would appear, therefore, that stamens are not always phyllornes. It is still possible, however, that 
they may be pliv Homes in these cases. Celakovsky goes so far as to regard the stamen of Naias as 
a terminal leaf, a quite impossible morphological conception (Flora, 1874). The researches of 
Hieronymus tend to show that the statement made above on p. 491 may. In* near the truth, namely, 
that in these cases the pollen-sacs may be the surviving portions of otherwise abortive staminal leaves. 
In Rrizvla, one of lire ( entrolepidaceie, he finds a single axial stamen ; in Alepyrum and Centrolepis he 
finds that the stamen is developed from one longitudinal half of the growing-point, and that the other 
half, the persistent growing-point, is forced on one side by the growth of the stamen, so that the 
stamen lits in the same straight line as the long axis of the stem. He finds this to be the case also 
in a Grass, Festuca p&eudo-myvrus ; in the nearly-allied F. geniculata, which usually has three lateral 
stamens it sometimes happens that only one stamen is present, and this is then developed in the 
manner described above. On the other hand, thise facts may be used to prove that a stamen may be 
sometimes a eaulome and sometimes a phyllome. It must be borne in mind that the ideas of 
caulome and phyllome are relative and not absolute.] 

1 H. v. Mohl, Yermischte Schiiften, p. 42. 
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assumed, until more exact observations bring something different to light, that each 
pollen-sac (/. e. each loculus with its wall) corresponds to a sporangium, and hence 
also to a single pollen-sac of Cycadese and Cupressineae ; and that therefore the 
anther usually consists of four pollen-sacs springing side by side from the anterior or 
posterior side of a staminal leaf, the sacs lying in pairs so close to one another 
right and left of the connective, that they coalesce more or less laterally to form one 
anther-lobe. But before we pass on to the consideration of the pollen-sacs and 
their contents, we must again recur to the discussion of the entire stamen and 
androecium. 

The stalk of the anther (the filament with its connective) is either simple or 
segmented. The simple filament may be filiform (Fig. 359) or expanded into the 
form of a leaf (Fig. 358), sometimes even very broad, as in Asclepiadese and 
Apocynaceae; or it may be broad below (Fig. 363,/) or above; it generally termi- 
nates between the two anther-lobes, but is not unfrequcntly prolonged above 
them (Fig. 358, D) as a projection, or in the form of a long appendage as in the 
Oleander. If the upper part of the stalk, the connective, is broad, the two anther- 
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lobes are distinctly separated (Figs. 358, 362); if it is narrow, they lie close to one 
another. The articulation of the stalk is very commonly the result of the con- 
nective being sharply separated from the filament by a deep constriction; the 
connection of the two is then maintained by so thin a piece that the anther, together 
with the connective which unites the anther-lobes, swings very lightly as a whole on 
the filament (versatile anther). The point of connection may be at the lower end, at 
the centre (Fig. 363), or at the upper part of the connective; sometimes the detached 
connective attains a considerable size, and forms appendages beyond the anther 
(Fig. 364, A , „v), or it is developed between the two lobes like a cross-bar, so that 
the filament and connective form a T, as in the Lime, and to a much greater extent 
in Salvia, where the transversely extended connective bears an anther-lobe on one 
arm only, while the other is sterile and is adapted for a different purpose. Whether 
the anther-lobes are parallel depends on the mode of their connection with the 
connective ; if they are so, they are usually attached to the connective for their 
whole length ; or in other cases they are separated above, or free below and 
coherent above, in which case they may become placed at such a distance from one 
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another that the two lobes He in one line above the apex of the filament, as in many 
Labiatse. Not unfrequently the filament also has appendages ; as, for example, the 
membranous expansions or appendages right and left below in Allium which 
resemble stipules, or a hood-shaped outgrowth behind as in Asclepiadese, or liguiar 
structures in front as in Alyssum montanum , or conical prolongations beneath on 
one side as in Crambe , or on both as in Mahonia (Fig. 362, x). 

A phenomenon of great importance from a morphological point of view is the 
branching of stamens which occurs in many Dicotyledons, a peculiarity of structure 
which was erroneously confounded by the older botanists with their cohesion, 
although the two are fundamentally distinct. Sometimes the branching of stamens 
takes place, like that of foliage-leaves, bilaterally in one plane, right and left of the 
median line, so that the branched stamen has a pinnate appearance, as in Calo- 
thamnus (Fig. 365, .*/), where each division bears an anther. In other cases the 
branching takes place in a kind of polytomy, as in Ricinus (Fig. 366), where the 



Fir,. - Longitudinal section of the floww of ia/o- 
thaninm j/’thr* ovarj, j calyx./ petals/,' style, if br.im.hccl 
stamens. 


Fir., y/i — Part of a malt- Howcr of A'lnttt/s (Wmmis 
cut through Untftliuaj'k. / jf the basal portions of the 
conipouiully-luam lied stamens , a the anthers. 


separate stamens arise in the form of simple protuberances from the receptacle, each 
one repeatedly producing new protuberances, which at length develope by inter- 
calary growth into a compoundly and repeatedly branched filament; the ends of 
the branches all bearing anthers. In the Hypericineae \ three or five large broad 
protuberances (Fig. 367, //-F, a) spring from the periphery of the floral axis after 
the formation of the corolla, on each of which smaller roundish knobs are produced 
in basipetal succession from its apex ; these latter become the filaments, each of 
which eventually bears an anther, and are connected at their base with the primordial 
protuberance of which they arc branches. A horizontal section through the flower- 
bud before the opening of the flower shows, especially in Hypericum calycinum , the 
numerous filaments which spring from one original protuberance densely crowded 
into one bundle. In this and many similar cases the common primordial basal 


1 [For further details see Molly, Unters. iib. die liliithenefttwickelung der Hypericineen 
Loasaccen, Piss. Inaug. Itonn, J 
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portion of the stamen remains very short, while the secondary filaments lengthen 
considerably and subsequently present the appearance of a tuft springing from the 
receptacle, the true nature of which can only be ascertained by the history of its 
development. If, on the contrary, the primordial basal portion lengthens, as in 



rj(.. 367.— Development of the flower of Hype* 'cum perjonitmu , / young flout-rdnid in tlu axil of the bract B, with its 
two l«ac teoles t> b, r the sepals, f first indication of the petals ; // middle part of :t soinewliat older bud, f rudiment of the 
ovary, <?,«,« the three stamens with the rudiments of their branches arising as protulteiaia es ; /// a flower bud of neaily 
the same age as in //, but seen from the side, v a sepal, <t a the stamens , / the ovary ; 11 ' and / ’ flower buds in further 
stag*-, of development, the lelt* rs unlit utiinj the saint as in /. //, and 111 . i, } ovary in various stages of development cut 
through hom<>n tally. 


s, the whole stamen is easily recognised as branched even in the mature 

condition. 

Of no less importance for understanding the entire plan of structure of a 
flower, and especially the relations of number and position which actually occur, 



l-ir, 368.— Development of the andriccmm of t tti mbitn Pcpo (after Payer) ; in all the figures the simple staiuen is to the 
right, behind and to the left two double ones. The anthers grow vigorously in length am! form vermiform coils. 

is the cohesion of stamens which grow side by side in a whorl. In Cucurbita , 
for example, there are, in the earliest stage, five stamens, but at a later period only 
three are found, two of which are, however, broader than the third ; these are each 
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the result of the lateral coalescence of two stamens. In this case the filaments 
become combined into a central column, on which (as is shown in Fig. 368, III) the 
pollen-sacs grow more rapidly in length than the filaments, forming vermiform coils. 

The relationships are much more complicated and more difficult to understand 
when cohesion and branching of the stamens occur simultaneously, as in Mal- 
vaceae. In Althu'a rosea , for instance, the filaments form a membranous closed 
tube which completely envelopes the gynceccum; springing from this tube arc five 
vertical and parallel double rows of long filaments, each of which (Fig. 369, B) 
again splits into two arms (/), and each of these arms bears a single anther-lobe. 
The history of development and a comparison with allied forms shows that the tube 
is formed by the lateral coalescence of five stamens ; but the coherent margins produce 
double rows of lateral ramifications, in other words, of filaments, which then again 
split into two arms. A horizontal section of the young staminal tube (Fig. 369, A) 
shows plainly these double rows of split filaments ; the part (v) which lies between 
two of these must be considered as the substance of a stamen, the margins of which 



1 Ii.. . Uti'uea nun i, W lifm<>ntal st.i tmii tlinmyli tht yotmy .tixlti i nun . i i>u u. • •! tin. tulu: of a i 
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each bear right and left a simple row of filaments as laciniie or branches 1 . In 
the Lime, where the five primordial stamens also branch at the margins, and form 
anthers on their branches, the stamens remain free, but in other respects the 
phenomena are altogether similar (cf Payer, /. r.) 

The stamens not unfrequently suffer conspicuous displacements by the inter- 
calary growth' of the tissue of the receptacle in the region of their insertion ; and 
such displacements are also ordinarily included under the term cohesion (or adhe- 
sion)' 2 . Thus the stamens often adhere to the calyx or corolla; anil then, when 


1 The strangeness of this conception will disappear if the structure is recalled of a unilocular 
ovary with numerous carpels coherent at the margins, e,g. Viola, where the ovules arise in double 
row** on the lines of junction ithe plicenta). What lakes place in one case in the inside in reference 
to the ovules takes place in the other case on the outside in the formation of the filaments. 

2 (It has come to be the usage in English works on descriptive botany to apply the term 
‘cohesion 1 to the apparent union ol organs of the same kind, ‘adhesion’ to the apparent union of 
organs of a different kind.] 
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mature, the filaments appear as if they sprang from the inside of the perianth ; 
the earliest stages of development show, however, that the perianth-leaves and the 
stamens spring in succession and separately from the receptacle ; it is not till a later 
period that intercalary growth begins at the part of the receptacle from which both 
spring ; in this manner a lamella grows up which structurally forms the basal portion 
of the perianth-leaf, and which at the same time bears the stamen, so that the 
appearance is presented as if the stamen sprang from the centre of its inner surface. 
This is shown in Fig. 370, B , where p is a perianth-leaf and a an anther sessile upon 
jt ; the two stand at first distinct on the young receptacle one over the other ; the 
portion of leaf lying beneath a and p is not formed till a much later period by 
intercalary growth, and pushes up at the same time the true perianth-leaf p , and 
the stamen a. This kind of adhesion is especially frequent in those flowers whose 
petals have also become coherent laterally into a tube, such as Compositae, Labiatae, 
Valerianacea?, &c. On the other hand, the stamen may also become adherent 
in various ways to the gymveeum In Sierculia Batanghas (Fig. 371) this structure 
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is only apparent, depending simply on the small stamens, which are placed close 
beneath the ovary, becoming raised up together with it by the elongation of a 
part of the receptacle ; from their small size they appear like a mere appendage of 
the large ovary ; the part which bears both the organs, the Gynophorc, is therefore 
in this case an internode of the floral axis. Much more complicated is the history 
of the formation of the true Gynostcmium (column) which is formed above an 
inferior ovary, as in the Aristolochiaceae, and especially in the Orchidea?, where 
these adhesions and displacements of the parts of the flower arc also combined with 
abortion of certain members. Since these relationship# will be explained in the 
sequel, the examination of Fig. 372 will suffice for the present, where the flower of 
Cypripedium is represented from the side (A\ from behind (//), and from front (C), 
after removal of the perianth (pp). f is the inferior ovary, gs the gynostemium, 
resulting from the adhesion of three stamens — two of which (a a) are fertile, while the 
third (,v) forms a sterile staminode — with the carpel, the anterior part of which bears 
the stigma (n). In this case the gynostemium consists entirely of coherent foliar 
structures, or of the basal portions of the staminal and carpellary leaves, both of 


n n 2 
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which spring from the upper margin of the hollowed-out receptacle which constitutes 
the inferior ovary l . 

The size and form of the stamens frequently varies within one aind the same 
flower; thus, for instance, in the Cruciferae there are two shorter and four longer 
(tetradynamous), in the Labiatae two larger and two shorter (didynamous) stamens ; 
in Centradeniih as was shown in Fig. 364, A, they are not only of different size, 
but are also differently segmented. A correct conception of the history of develop- 
ment and a comparison of the relationships of number and position in nearly allied 
plants enable one to apply the term stamen even to structures which have no anther 
and therefore want the ordinary physiological character of stamens. Thus, for 
example, in Geranium there are two whorls of fertile stamens, while in the nearly 
related genus Erodium those of one whorl are without anthers. Such sterile stamens 
or Slammodes generally undergo further metamorphosis, by which they become unlike 
the fertile ones and not unfrequently pctaloid, as the innermost staminal leaves of 
Aquilegia ; or assume very peculiar forms, as in Cvpripediim (Fig. 372, s). In 
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some Gesneraccoe a glandular structure or nectary is found in place of the poste- 
rior stamen (compare the drawing of Columnea , Fig. 416). Metamorphoses of 
this kind may be considered as the first steps to a condition of abortion, the final 
stage of which is the production of a vacancy at the spot where the stamen should 
be, as in the Labiatae, an order closely allied to the Gesneraceoe, where, in the place 
of this staminode there is no structure whatever ; instead of the five stamens to which 
the plan of construction of the flower points, there are only four, even the rudiment 
of the fifth, the posterior one, being suppressed, as is seen in Fig. 373 2 . Phenomena 
of this kind altogether justify the hypothesis of abortion in those cases in which 
the absent organ does not disappear in the course of development, but never comes 

1 Compare the account of the development and significance of the flowers of Orchideae in the 
sequel. 

2 [Pcyiitsch however (Sitzung-d). der k. Akad. dcr Wisscn. zu Wien, 1872) infers, from the 
constant reversion to fours in the peloric flowers of JLabiaUv. and from other considerations, that the 
original type of the flower i<r tetramerous.] 
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into existence at all, if the hypothesis of the suppression of the part is confirmed 
by a comparison of the relationships of number and position in nearly-allied plants. 
The hypothesis of an abortion of this kind was, however, for the first time placed 
on a firm hasis by the theory of descent. 

The number of stamens in a flower is only rarely so few as one or two ; like 
the perianth-leaves they are usually numerous, and they are then arranged in the 
form of rosettes, either spirally or in whorls. If the arrangement of the perianth- 
leaves is spiral, that of the stamens is usually the same, and the number of the 
latter is then very commonly large and indefinite, as in Nymphcca , Magnolia , Ranun- 
culus, Hdleborus , &c. ; but in this case they are sometimes also few in number and 
definite. 

Much more often, however, the stamens are arranged in one or more whorls, 
those in one whorl being then usually equal in number and alternate with those in 



Ftr,. 173.— Various <.t;ige« of development of the flower of Lamium album', /, //, III very young buds 
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VI entire mature flower seen from the side, 

the other whorls, and with the perianth-leaves [symmetrical flowers of English text- 
books]. There are, however, numerous deviations from this rule [unsymmetrical 
flowers of English text-books] occasioned frequently by the abortion of particular 
members or of whole whorls, or by their multiplication, or by the superposition of 
consecutive whorls; and not unfiequently in the place of a single stamen two or 
even more will arise side by side ( d/doublemcnt ). These phenomena, which are 
often difficult to make out, are nevertheless of great value in the determination of 
natural affinities, and will be still further examined in the sequel. 

Development of the Pollen and of the Anther-wall 1 . The description given in 
this place will apply only to the ordinary cases in which the pollen is formed in 

1 Niigeli, Zur Entwickelungsgeschichte des Pollens, Zurich, 184a. — Hofmeister, Ncue Beitriige 
zur Kenntniss der Kmbryobildung der Phanerogamcn, II. Monocotyledonen. — Wanning. Unters. iib. 
pollenhildendc Phyllome und Caulome, in Ilanstcin’s Bot. Abhdl. Bd. II. 1873. — [(loebel, Beit. z. 
Entwickgesch. d. Sporangicn, Bot. Zeit. 1881.] 
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separate grains in the four loculi of the anther, and falls out of the anther after it 
has opened ; some of the more important exceptions will be meniioned hereafter. 

Immediately after the perianth-leaves, or their innermost whorl, first become 
visible on the receptacle as roundish protuberances, the rudiments of the stamens 
make their appearance in a similar manner, but usually obtain a considerable start 
in growth of the corolla, which not unfrequently remains for a considerable time in 
a very rudimentary condition. These bodies, which consist of homogeneous primary 
meristem, very soon show the outlines of the two anther-lobes united by the con- 
nective ; the filament is still very short, subsequently it also grows slowly, and it 
is only just before the expansion of the flower that it elongates very rapidly by 
vigorous intercalary growth. When the four pollen-sacs make their appearance 
externally on the young anthers as longitudinal protuberances, a layer of cells 
becomes differentiated within them from tlie hitherto homogeneous tissue. The 
young anther consists at first of a small- celled proto-meristem in which a fibro- 
vascular bundle becomes differentiated lying in the axis of the connective ; the 
external peripheral layer forms the dermatogen or the young epidermis. According 
to Warming’s comprehensive researches, it is usually only that layer which imme- 
diately underlies the epidermis (the most external layer of the periblem) which gives 
rise to the mother-cells of the pollen and to layers of the wall of the pollcn-sac 
surrounding them. | These cells constitute the archcsporium of Goebel. It will 
be seen that in the pollen-sac, as in the sporangia of the Vascular Cryptogams, 
the archcsporium is derived from hypodcrmal cells.] Within each of the before- 
mentioned four longitudinal protuberances, the layer of cells (archcsporium) imme- 
diately underlying the epidermis splits into two, the inner of which gives rise to 
the mother-cells of the pollen. These cells soon become conspicuous on account 
of their large size, and, on a transverse section of the anther, they are seen to 
form a multicellular layer, concave internally, in each of the four protuberances. 
It does occur that the transverse section of one of these piolubcrances shows 
only a single mother-cell, so that here one row only of these cells is present 
(Composite, Malvaceae). Less frequently the mother-cells are isolated (as in 
Mimoseac). The mother-cells of the pollen divide but rarely until the formation 
of the tetrads begins; hence the number of mother-cells primarily formed is only 
slightly increased : but the simple row or layer of primary mother-cells may 
form several layers or a cylindrical mass of mother-cells as the result of divisions 
in all directions. That layer of cells which, as mentioned above, was formed by 
the longitudinal splitting of the layer (archcsporium) from which the mother-cells arc 
derived, lies between them and the epidermis. It divides, according to Warming, 
into usually three layers, in which radial, horizontal, and tangential divisions succes- 
sively occur. The innermost of these three layers (Fig. 374, A <?/>, Fig. 377, B «), 
which is completed by a corresponding layer on the inner side of the group of 
mother-cells, developes into a peculiar epithelium (the tapetum), investing the 
mother-cells of the pollen on all sides and lining the cavity of the pollen-sac; it 
corresponds to the tapetum in the sporangia of the Vascular Cryptogams, and, 
like it, it is finally absorbed in the process of the development of the pollen. 
The same fate overtakes the next outer layer of cells. The most external of 
the three above-mentioned layers, which lies immediately beneath the epidermis, 
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forms the layer of fibrous cells which cause the dehiscence of the anther (Fig. 382, 
q ji) ; to this we shall have to refer hereafter. 

The mother-cells of the pollen are at first large and their walls thin (Fig 37. 

'I - *«>'• but lhcse “ c L onsiderabl y ^kness, though generally not uniformW 
(Figs. 375’ 378 , A), the thickening matter being usually distinctly stratified. In 
many Monocotyledons the mother-cells now become completely separated, the 
pollen-sac becomes broader, and the cells float singly or in connected 
a granular fluid which fills up its cavity, as is shown in Fig. 374, ff, a 




Mu 374. — Bunlut ((UriaLt ; A transverse settmn through a 
yo unis' pollen -sac before tin; isolation of the mother cells stn, 
rp the tapetum which clothe** the nnther-lobe, tr wall of the 
pollen-sac ; B the anther -lube after isolation of the mother-cells 
stN ; ep the tapetum (X v*’). 


Mi'.. 375. — Mode of formation of the pollen of t unh* 
/>;•#*/* > (x 5*,o). In VII the wall of the daughter-cell has 
absorbed water till it has burst ; its protoplasm is h.u in>; 
itself out through the fissure, nnd is lying before it 
rounded oft into a sp1iein.il form. 


which calls strongly to mind the formation of the spores of Vascular Cryptogams. 
In other cases, however, as for instance in many Dicotyledons ( Tropivolum , Altfuca , 
&c.), the very thick-walled mother-cells do not become isolated; they completely 
fill up the pollen-sac, but may become separated after the rupture of the anther- 
wall in water. In most Monocotyledons the large central nucleus divides, and 
two fresh nuclei make their appearance ; this is followed by the division of the 
protoplasm, and by the simultaneous formation of a cell-wall in the plane of 
division. The same process is repeated in each of the two cells, and thus the 
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four ‘special’ mother-cells of the pollen are formed (Fig. 375)- Thus the mode 
of development of the pollen-grains in Monocotyledons resembles that of the 
microspores of fsoe/es. It sometimes happens that only one of the two secondary 
cells divides, and then only three pollen-grains are formed, two of them being of 
normal size, the third considerably larger : or again, neither of the two cells may 
divide, or only imperfectly, and this leads to modifications of the size and shape 




, tin* thickenings whu h project outwardly arc still small, in the 
or ; they an* arranged in lines connected into a net-work. 


of the resulting pollen-grains. In other Monocotyledons (Asphodel us a/bus and 
luleus) the development of the pollen proceeds in the manner to be described 
below as being characteristic of Dicotyledons A second process is especially 
characteristic of Dicotyledons, in which, after the division of the nucleus of the 
mother-cell, the two secondary nuclei divide in planes at right angles to that of the 
first division and to each other; the four nuclei are thus arranged, as it were, in 
the corners of a tetrahedron. The protoplasm becomes then constricted into four 



I l(„ tcjt.—A pollen s,i of AUk'fit t s< i n from th** side, m tin* an hop'irmm ; Ji tt.insversi set lion of ,iu anther- 
lobe showing tin. two pulton-sms. m the mother-t. II. of the pollen, in J still united into .1 tissue, in ti already divided 
cm h into four pollt n-cclls, n the tapetum of the polkti-.ac. F.n,h anther-h bo, consisting of two pollen -sac., is hem 
borne on a long branch of the filament. 



lobes, each nucleus forming the centre of one of the lobes, by the ingrowth of 
the thick wall of the mother-cell ; a simultaneous formation of cell-walls now takes 
place in the planes of division, the walls being attached to the margin of the 
ingrowths of the wall of the mother-cell, and thus the four masses of protoplasm 
which have become rounded off during the division become four distinct cells 
(Fig. 378, A-E ). The mass of cellulose round each of the daughter-cells of the 

1 [This account of the development of the pollen i* taken fiom Stra^burger (Zcllbildung und 

Zelltheilung. 3rd edition, 1880.] 
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tetrad now becomes differentiated into concentric systems of layers, and these are 
enveloped by layers which are common to the whole tetrad (Figs. 378 E, 379 ). 
If the tetrads have lain for some time in water, the layers usually burst, and the 
protoplasmic contents of the young pollen-cells are forced out through the fissure, 
and become rounded off into a sphere (Figs. 375 VII- 378 F, G). Soon after 
the conversion of the mother-cells of the pollen into a tetrad, each protoplasmic 
mass becomes clothed with a new cell-wall, at first very thin, which is continuous 
with the inner layers of the wall of the mother-cell, as is shown by its becoming 
detached fiotn them when caused to contract by alcohol. This is the true cell-wall 
of the pollen, which now increases greatly in thickness, and becomes differentiated 



Fit*. 37S. - Alth,ra txnca ; A — /' division of the mother-cells • >1 the pollen into four; F find .1 tctiad, the. 
walls of whose special mother-cells have burst under the Influence of water, ami have allowed the protoplasmic body 
of the young pollen-cells to escape ; II a mature poll entrain seen from without, magnified to the same extent 
[if. Fig. 11). 


into an outer cuticularised layer and an inner one of pure cellulose, the Ex tine and 
the Intine . The former becomes covered on the outside with spines (Fig. 379, />/;), 
warts (Fig. 376), ridges, combs, &c.; while the latter frequently forms considerable 
thickenings which project inwards at particular spots (Fig. 379, v), and at a later 
period are employed to form the pollen-tube. During these processes the layers 
forming the envelope of the tetrad become slowly absorbed, their substance is 
converted into mucilage, and they at length entirely lose their form; their dis- 
organisation may commence cither on the inner (as in Fig. 375, 17 /, x) or outer 
side (Fig. 379, sg) of the wall of the mother-cell. In consequence of this absorption 
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the young pollen-cells become free, separate, and float in the granular fluid which 
fills up the cavity of the anther; and within this they now attain their definite 
development and size. The fluid being thus used up, the mature pollen-grains finally 
fill up the cavity of the anther in the form of a powdery mass. 

[The ripe pollen-grain of Angiosperms has been found in many cases to contain 
two nuclei 1 . It appears that when the pollen-grains have become isolated from each 
other, the nucleus of the grain undergoes division into two, one larger, the other 
smaller. The smaller nucleus travels to the wall of the grain and becomes invested 
by protoplasm, thus constituting a primordial cell, which, in some cases, is cut off 
from the rest of the grain by a wall of cellulose : the larger nucleus remains as the 
nucleus of the larger cell of the pollen-grain. The smaller nucleus may divide once 
or twice, thus giving rise to a group of cells; the large nucleus does not divide: the 
form of the nuclei varies very much. These processes resemble those which have 


p 



1 It. <7«>- - Motlicr-rcll >lleh oft uturbtla /'<■/. . thr miter c 

»*f ttlf.nrlx.tl ; \f> <1 *j»pcM.il nmtlirt t oiiMslinif c»f 

>tj«rl tin ynmi^ finVt .tbv>rl>ri] ; f>h |1 

» afunt.ir.ls funned , / tin |.t 
of .in amlter which hud l.un (or son 


been described as taking place in the pollen-grains of the Gymnosperms : the small 
cell (or the cells derived from it) evidently corresponds to the ‘ vegetative ’ cells in the 
grains of Gymnosperms and in the microspores of the heterosporous Vascular 
Cryptogams.] The pollen-tube is formed from the large cell : it is developed as a 
protuberance of the inline, which perforates the cxtinc at certain definite spots that 
have usually been prepared beforehand. The spots where this perforation takes place 
are often more than one, or even very numerous (Fig. 380 a , 381 0 ); yet, notwith- 
standing the possibility of the formation of this number of pollen-tubes from one grain, 
only one usually grows to an extent sufficient to effect impregnation. Independently 
of the structure of the extine itself which has already been mentioned, the external 

1 [Ilartig (in Karsten’s Botan. Untersuch. III. 1S66) was the first to oteerve two nuclei in a 
pollen-grain : he found them in the grains of Tmdocantia, Campanula . f Enothera , Lilium, Clematis , 
Allium, etc. His observations have been extended by Straslmrgci (Ucber Befruchtungund Zelltheiiung, 
1S7S) and by Klfving (Jenaische Zciischiift, 187 7, and Quart. Journ. Micr. Sci., XX. 1880.)] 
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form and sculpture of the outer coat of pollen-grains depends chiefly on the number 
of the spots at which the perforation may take place, on the mode in which these are 
arranged, and on the circumstance whether the extine is at these spots merely thinner 
and the inline projects in the form of a wart (Fig. 380), or whether roundish pieces 
of the extine become detached in the form of a lid, as in Cucurbitaceae and Passiflora 
(Fig- 35, p. 33), or whether it splits into bands by spiral fissures, as in Thunbergia 
(Fig. 36, p. 34), &C. 1 At the points of perforation the intine is generally thicker, often 
forming hemispherical protuberances which furnish the first material for the formation 
of the pollen-tube (Fig. 381, 1 ), or the extine only forms thinner longitudinal striae 
which fold inwards when the pollen -grain becomes dry (as in Gladiolus , Yucca , 



1 K. fin. - I r.msvcrse section of .1 polhn-gi.iui nl //»<.'.< 
bium nn^us(tj,>ltutu . .1 llic point* whore the intuit t pit*' 
tunics*, tin: intmcbtuig tlurc thiikci .uut tin. extim rthuuiur 



I It. .4*1 — I'tilli n-gi.im til ,1 mint: ,/ apiac 

extine seen from without; A’ tin* halt of n very thin v 
through the niuMIe of tin. pollt 11 grain, it l.irj'c spun A'r 

small spine t*f the extine, o perforations through the ex 
1 the inline, / tlic protoplasm of the pollen-grain *. onti ided 


Hdkborus , &c.). Very commonly however the intine is uniformly and continuously 
thickened, as in Canna , Sirclilzia , Musa, Persia , &c. ; and in this case, according to 
Schacht, no definite spots arc prepared beforehand where the perforation is to take 
place. The number of these peculiarly organised points of perforation is definite in 
each species, often in whole genera and families ; there is only one in most Mono- 
cotyledons and a few Dicotyledons, two in Ficus, J us tic ia, & c., three in the Onagrarieae, 
Proteaceae, Cupulifcnc, Geraniaccce, Composite, and Boragincse ; four to six in 
s } Aslrapica , Altius , and Car/anus, while the number is large in Convolvulaccae, 

1 For more minute details see Schacht, Jahrb. fiir wissensch. Pot. II. p. 109, and Luerssen, 
ibid. VII, p. 34. — [Frit/sche, Peitriige zur Kenntniss des Pollen. Berlin, 1832. — Mohl, Pcitrage zur 
Anatomic u. Physiologic der Cewachsc, 1st Heft, Hern, 1834. — Kdgcwoith, Pollen. London, 1877.] 
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Malvaceae, Alsineae, &c. (see Schacht, /. c.). The extine is rarely smooth, more often 
marked on the outside by the sculpture to which reference has already been made. 
When it is very thick, layers of different structure and texture may frequently be 
detected, and differentiations sometimes occur in a radial direction, penetrating the 
thickness of the extine (Fig. 381), and giving it in some cases the appearance of con- 
sisting of rod-shaped prismatic pieces or of honeycomb-like lamellae, &c,, peculiarities 
of structure recalling those of the epispore of Marsiliaccse. The contents of the ripe 
pollen-grain, the Fovilla 1 of the older botanists, usually consists of a dense coarse- 
grained protoplasm in which grains of starch and drops of oil may be recognised. 
When the grain bursts in water, the fovilla escapes in masses connected by mucilage 
and often in long vermiform threads. The surface of the extine is commonly found 
coated with a yellow oik or of some other colour, often in evident drops, which 
renders the pollen viscid and adapted to be carried by insects from flower to flower ; 
in only a comparatively few' cases is it quite dry and powdery, as in Urticaccze 
and many Grasses, where it is projected with violence from the anthers 01 simply 
falls out. ^ 

At the time when the pollen-grains are nearly mature, and the flower-bud is 
preparing to open, the wotll of the pollen-sacs undergoes a further development 2 * . 
The outer layer of cells or epidermis always remains smooth-w'allcd (see Fig. 382, 
p. of)^) ; the inner layers or endothecium are also smooth if the anther does not 
dehisce. If on the other hand it opens by recurved valves (Fig. 362 /’), the cells of 
the inner layers of these valves only are provided with thickening-bands (or are 
fibrous) ; while, when the pollen-sacs dehisce longitudinally, the whole of their endo- 
thecium contains fibrous cells. There is usually only one such layer, sometimes 
several; in Agave amcric ana as many as from eight to twelve. The thickening-bands 
of the fibrous cells which project inwards are usually wanting on their outer wall; on 
the side walls they are generally vertical to the surface of the pollen-sac; on the inner 
wall they run transversely and are united in a reticulate or stellate manner. Since the 
epidermal cells contract more strongly when the ripe anther-walls dry up than those 
of the endothecium which are provided with thickening-bands, they exert a force 
which has a tendency to make the anther-wall concave externally and to give way at 
its weakest point. The modes in which the anthers open are very various, and arc 
always intimately connected with the other contrivances which arc met with in the 
flower for the purpose of pollination with or without the agency of insects. Sometimes 
only a short fissure (pore) is formed at the apex of each anther-lobe, as in Solatium , 
Eritacctf (Fig. 363), &c., through which the pollen of both the contiguous pollen- sacs 
escapes ; but more commonly the wall gives w r ay in the furrow between the tw r o sacs 
(the suture) along its whole length, the tissue which separates them becoming at the 
same time more or less destroyed, and thus both pollen-sacs dehisce at the same 
time by the longitudinal fissure (Fig. 382). It is this phenomenon that has given rise 
to the erroneous description of these anthers as being bilocular ; but if nomenclature 
is to have a scientific basis, they must be termed quadrilocular, in contrast to the 

1 [On the constitution of the 4 amyloid corpuscles 1 in the fovilla of pollen sec Saccardo, Nuovo 

Giomalc Hotanico Italiano, 1S72, p. 241.] 

a Compare II. v. Mold, Vcrmischte Schiiflcn, p. 62.— Puikync, I)c cellules antherarum fibrosis, 

Vtati.s 
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really bilocular anthers of Asclepiadese and the octilocular ones of many Mimoseas. 
Sometimes again the anther-lobes open at the apex by a pore which results simply 
from the destruction of a small portion of tissue at this spot (Ilofmeister). In other 
respects we still want a detailed and comparative investigation of these processes, 
which are very various and of great physiological importance; only the additional 
remark need be made here, that it is very important from a systematic point of view 
whether the anthers open inwards towards the gynaeceum (introrse), or outwards 
(exlrorse), the difference depending on the position of the suture and hence on that of 
the pollen-sacs on the inner or outer side of the filament. 

In several families of Monocotyledons and Dicotyledons more or less con- 
siderable deviations 1 occur from the course of development of the pollen and 
from its final structure which has been here described. Naias and Zostera deviate 
only to this extent, that no thickening of the wall of the mother-cells takes place, 
and that the pollen-cells themselves are very thin-walled, acquiring in Zostera a very 
strange appearance from assuming, instead of the ordinary rounded form, that of long 
thin tubes lying parallel to one another in the anther. The deviations are more 
considerable in the formation of compound pollen-grains. The origin of these is 
either that only the four daughter-cells (pollen-cclls) of one mother-cell remain 
more or less closely united, like the pollen -tetrads (four-fold grains) of some 
Orchideie, Fourcroya> Typha , A nonet , Rhododendron , &c.; or the whole product of 
one primary mother-cell remains un separated and forms a mass of pollen consisting 
of eight, twelve, sixteen, thirty-two, or sixty-four connected pollen-cells, as in many 

Mimosece and Acacieae 2 . In these cases the cuticle or extine is more strongly 

developed on the outer surface of the daughter -cells lying at the circumference of 
the mass, and covers the whole as a continuous skin ; while only thin ridges of the 
cuticle project from this skin inwards between the separate cells. In the various 
sections of Orchidese every gradation occurs from the ordinary separate pollen-grains 
of Cypripidium , through the four-fold grains of Neoiiia , to the Ophrydese, where all 
the pollen-grains which are formed from each primary mother-cell remain united, 
and thus a number of pollen-masses lie in one pollen-sac ; and finally to the Pollinia 
of the Ccrorchidcae, where all the pollen-grains of a pollen-sac remain united into 
a cellular mass. In this case, as in the Asclcpiadcae with only bilocular anthers, 

where the grains of each pollen-sac are firmly united by a waxy substance, it is 

obvious that the pollen cannot be dispersed, nor can the pollen-masses fall out spon- 
taneously from the anthers; but the flower is provided with very peculiar con- 
trivances by means of which insects in search of honey extract from the pollcn-sac 
the pollinia or the masses of pollen which are glued together, and again get rid of 
them on to the stigmas of other flowers of the same species (see Book III on Sexual 
Reproduction). 

The Female Sexual Organs or Gyncrcetm * (Pistil) of the flowers of Angiosperms 

1 In reference to what follows compare Ilofmeister, Neue Beitr'dge, pt. IT. (Abhand der konig. 
Sachs. Gcsellsch. VII); also Reichenbach, I)e pollinis Orcliidearum genesi, Leipzig 1852; and 
Romanoff, Ucber den Pollen der Mimosen (Jahrb. fur wissensch. Rot. VI. p. 44 O 

8 In many Mimosece the anther is, according to Rosanoff, octilocular, two pairs of small loculi 
being formed in each anther-lobe; the pollen-cells of each pollen-sac remain united into a mass. 

a Compare with this Payer’s view (Organogenic do la flour, p. 725), which differs in some 
cxsential points. 
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consist of one or more closed chambers in which the ovules are formed ; the lower, 
hollow, swollen part of each separate seed- chamber which encloses the ovules is 
called the Ovary ; the place or the mass of tissue from which the ovules spring 
directly into the ovary is a Placenta. Above the ovary the seed-vessel narrows 
into one or more thin stalk-like structures or Styles, which bear the Stigmas ; these 
are glandular swellings or expansions of various forms which retain the pollen that 
is carried to them, and by means of the moisture which is excreted from them induce 
the emission of the pollen -tubes. 




l'f«. V*.' — ft/./, m u . Ktuf'rn.t'; i . / flimcr (ii.ittirni bist*), /! the t’yn.r* i‘um (iii.ij,-ii<fu t|; , tin pi i ■ intli .wnl stamens n moved, 
w flu it; tn.is . < liuti/miKi) thronyli thtic o( rl»<* oivirics, t i< h < <»rjx I lx iruv Us iiisub* /t number of 

o*. nit, , /> a yoiin.' ; /* <in i‘\ iili' ly |« ft t tills, itiun, ; / ti c mf< ipum nts, A tht mu ■ litis. AS tin. r.iplio, tm the 

tmlirju s ; / Iimo/vuim! v . turn thruij^h ib»« -tupu.irii' pint i<»n nf ,ii.irp<. , l (stri,m, r ly in iipufu-ilb p/ill< it ^r.ims all. i« lied to the 
-.1 li.m-., t, hoii.ttiil.il n( i flrihxul.ir .iinlmr, but the x ,ut ,» pui.it <•<! .<( >w that it then appear. 

bll>» i,|ar . y/jurt i fnn .inthir]«il>c (ri.iMsj»i.ii<hn^ to jn l,), \ tIu p.*inl )«« t * it Imi <h-M«h(,l from (hr < onne< live. 

t tin* rpiil(.Mni >, a i h l filmin'. l.i) er of i L hs (iii.lotbo iuiii) ; / iluipaii. of the lhiim flown , tin per-. null / /> roiisists of two 
alti.rn.ite ulmrls of tlm i le.i\i- . as a!s-. ibn-s tin amlro t loin, hut the siaim ir» of the outer wlnul j art doiil It, tlioM.- of the inner 
whorl./ ' simple ami ihi.her , th* :;tn.u miip a'so consist'. ot two whorls ol thin. * aip< is. an outer < ami an mnei whorl t v , there 
are therefore bif ulti.Tiiat*. w hot Is ot tlirt i\ th<_ me ml a »■> of the first st.uiun.il w In >r! In ui^ ilouMi »l. 



The Gyn&ceum is always the final structure of the flower. When the floral 
axis has attained a sufficient length, the gymeccum is formed at its apex ; if the axis 
is flat, disc-likc, or expanded, it stands in the centre of the flower ; if it is hollowed 
out or cup-shaped, the gynseceuin is placed at the bottom of the hollow, in the centre 
of which lies the apical point of the floral axis. In the diagram of the flower, 
Figs. 382 /, and 384 Ji, where each outer circle represents a lower transverse section, 
and each inner circle a higher one, the gynaeceum necessarily appears always as 
the innermost central structure of the flower, the longitudinal displacements on the 
floral axis being neglected in the construction of the diagram. 
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When the axial part of the flower, the Receptacle or Torus , is so elevated in the 
centre that the base of the gynseceum lies evidently above the stamens, or at least in 
the middle of the androecium, the perianth and the androecium, or even the 
whole flower, is said to be hypogynous (Fig. 382). When, on the contrary, the 
receptacle is hollowed out like a cup or saucer, bearing the perianth and stamens on 
its annular margin, while the gynseceum springs from the bottom (Fig. 384, A), the 
flower is said to be perigynous . It is obvious that intermediate forms arc possible 
between extreme cases of hypogynous and perigynous flowers ; and these are in fact 
common, especially among Rosiflone. In both these forms of flower the gyneeceum 




I* If* — Flower of I'tiratjHus 

J longitudinal set lion, < i disc ; 
/<’ diagtam 


Fit;. 383 •‘-Longitudinal section through the inferior ovary of fryu^iunt tettnpestre; l sepals, c petals, f filament, gr style, 
h disc, A'A'micdlus of the ovule, i integument. 


is free, the receptacle taking no part in the formation of the wall of the ovary, 
although this appears to be the case externally in some perigynous flowers, 
as Pyrus and Rosa. The flower finally is cpigynous when it possesses an actually 
inferior ovary. This latter is distinguished from the ovary which is buried in the 
receptacle of perigynous flowers by its wall being formed of the receptacle itself 
hollowed out into the form of a cup or even of a long tube. The carpels, which in 
the case of the free superior ovary form its whole wall, spring in the inferior ovary 
(like the perianth and the androecium) from the margin of the hollow receptacle, 
and only close up the cavity above, where they are prolonged into the style and 
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bear the stigmas (Fig. 383). Intermediate forms are also not uncommon between 
the superior ovary of hypogynous and the inferior ovary of epigynous flowers ; the 
ovary may, for example, be composed in its lower half of the receptacle, in its upper 
part of the coherent carpels; transitional forms of this kind are found especially 
among Saxifragacete. When the gynasccum of a flower consists of a single ovary 
only one fruit is formed, and the flower is said to be monocarpous (Figs. 383, 384), 
in contradistinction to the polycarpous flowers, the gynaeceum of which consists of 
several isolated ovaries from which the same or a smaller number of fruits are 
developed (Fig. 382). 

It will be easier to understand the different forms of the gynceceum if the more 
important ones are considered separately ; and for this purpose the following classi- 
fication may be made : — 

I. Gynceceum Superior ; flower hypogynous or perigynous. 

A. Ovules attached to the carpels. 

/ a. Ovary monocarpellary ; 

(a) flower with one ovary, 

(ft) flower with two or more ovaries. 

I . Ovary polycarpellary ; 

(y) ovary unilocular, ^ 

($) ovary multilocular. 

B. Ovules attached to the floral axis ; 

(<) ovule solitary, terminal, 

(f) ovules one or more, lateral. 

II. Gynseceum Inferior ; flower epigynous. 

C. Ovules attached to the carpels; 

(r/) ovary unilocular, 

(0) ovary multilocular ; 

1 ). Ovules attached to the floral axis ; 

(t) ovule solitary, terminal, 

(k) ovules one or more, lateral. 

The Superior Gynceceum is constructed essentially of peculiar foliar organs, 
the carpellary leaves or carpels. These usually produce the ovules, which generally 
spring from the margins of the carpels, as in Fig. 385, but frequently also from the 
whole inner surface, as in Fig. 357 F, and Fig. 382 C. The ovary is monocarpellary 
(simple) when it consists of only a single carpel, the margins of which are coherent, 
so that the mid-rib runs along its back, and the ovules, when they are marginal, 
form a double row opposite to it. The indexed margins of the carpellary leaf may 
swell up into thick placenta (as in Fig. 386) and produce a larger number of rows 
of ovules. The number of ovules is, on the other hand, not unfrequently reduced 
to two (as in Amygdalus) \ In monocarpous flowers there is only one such car- 
pellary leaf, as in Figs. 384, 385 ; in polycarpous flowers there may be two, three, 

1 With reference to the occurrence of a single ovule standing in the axil of the carpel (as in 
Ranunculus), see infra. 
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or more, or even a very large number : if the number is two, three, or five, they 
usually stand in a whorl ; if four, six, or ten, they are generally arranged in two 
alternating whorls (see Fig. 382, £, /). When the number of monocarpellary 
ovaries in a flower is considerable, as in Ranunculaceoe, Magnolia , & c., the part 
of the axis which bears them is commonly elongated (to a very considerable ex- 
tent for example in Myosurus ), and their arrangement is then spiral. The mono- 
carpellary ovary is originally always unilocular, though it may subsequently 
become multilocular from the production of ridges by the luxuriant growth of 
the inside of the carpel, which divide the cavity longitudinally into compartments, 
as in Astragalus or transversely, as in Cassia fistula . Ovaries of this kind may be 
distinguished as monocarpellary with spurious loculi, but ought not to be called 
poly car pell ary. 

A polycarpellary (compound) ovary is always the result of the union of all the 
carpels of a flower, the number being usually two, three, four, or five, arranged 
in one whorl, the floral axis terminating in the midst of them. If the separate 
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carpels remain open, and cohere in such a manner that the right margin of one 
unites with the left margin of another, the result is a unilocular polycarpellary 
ovary. The placentation is in this case parietal when the coherent margins project 
only slightly inwards, as in Re sal a, Viola, &c. But if the coherent margins of the 
carpels project further inwards, the cavity of the ovary becomes imperfectly multi- 
locular, the chambers being connected with one another in the centre, as in Papavcr , 
where the imperfect dissepiments are covered on both sides by a number of ovules. 
A hi- or multilocular polycarpellary ovary results when the margins of the carpels 
project inwardly so far that they meet or cohere either at or near the axis of 
the ovary, the elongation of the floral axis in the centre frequently contributing 
to this result. The mode of cohesion of the carpels in multilocular ovaries may 
vary greaily in other respects, according as it takes place along the whole length 
of their indexed margins, or only below, while the upper parts resemble 
a whorl of monocarpellary ovaries (Figs. 386-389). Since the margins of the 
carpels which meet in the centre become developed into the placentas, the ovules 
make their appearance in the central angles of the loculi (axile placentation), as 
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is seen in Fig. 388 ; but very commonly the margins of the carpels which turn 
in as far as the centre then split into two lamella? which are bent back and swell 
out into placenta? in the middle of the loculi, as is shown in Fig. 387. It is clear 
that in this case the two placenta? within each loculus correspond to the margins of 
the same carpel which forms the outer wall of the loculus. 



Spurious dissepiments may arise in polycarpel la ry as in nionocarpellary ovaries; 
if the polvcarpellary ovary consists of two loculi, it may thus become quadrilocular, 
or five original loculi may become divided into ten. The first case is universal in 
Labiates and Uoraginece. Fig. 390 shows that tin* ovary is formed of two coherent 
carpels, the margins of which (I IV) projecting inwards form a right and a left 
placenta (/>/) ; on each of these placenta? which correspond to the margins of the 
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carpels a })osterior and an anterior ovule are produced, but an outgrowth from 
the mid-rib of the carpel ( IV, VI, x) inserts itself between the two ovules be- 
longing to each loculus, dividing it into two onc-seeded lobes. Since at a sub- 
sequent period the outer part of the wall oi each of the four lobes bulges strongly 
outwards and upwards (/?), the separation of the bicarpellary ovary into four 
separate parts becomes still more distinct ; and finally they completely separate as 
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one-seeded lobes of the fruit ; while in Boraginese the separation is still more 
complete. The division of the five loculi of the ovary of Litium into ten by spurious 
dissepiments is not so perfect, the projections from the centres of the carpels not 
reaching the central axis of the ovary. 



1 H'.. i / ,t » nteita , A yotintf llowci-lunl. with i udinu nts of sepals a . ft nldct flower hud. with rudiments nf 

petals f> , ( still older st.ili*. with rudiments of the* hvr stamens . 1 , five moie stamens it' arise lietwegn them, of which three are 
already visible; b the Iwait, fi' a hr.uteole ; /» — H development ol the ovary fh, U ovules, r/ I'yiinplmre, <> style 

Before passing to the consideration of ovaries in which the ovules are borne by 
the floral axis (/'. <\ with axial placentation), it should be mentioned that (here are 
cases in which the present state of our knowledge does not enable us to decide with 



l T ir. —Ripe fruit of I uh tt/im/t braxittp/hi ; the anterior carpel has been removed and the tun lateral 
ones opened ; A r KVMoImsh style (natural size). 

certainty whether the ovules arise from the axis or from the margins of the c irpels 
which have become united to it; and these doubtful cases arc possibly more 
numerous than is generally thought. Payer’s observations on Ctrasiium and Mala - 
chium show that in Caryophvllete the expanded apex of the floral axis becomes 
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considerably elevated even before the formation of the carpels ; the carpels are then 
seen in a whorl, and are attached by means of their coherent margins to the elevated 
axis ; each forms what may be described as a pocket attached to the axis. As the 
axis becomes elongated, the margins of the carpels form radial dissepiments sepa- 
rating the pockets, which widen into loculi; and the carpels finally rise above the 
apex of the axis. In Ceraslium and other genera the dissepiments also rise above 
it as free lamella? which do not meet in the centre, so that the ovary is quinque- 
locular below, while in the upper part it remains unilocular. The ovules arc 
produced in two parallel rows on the axial face of each loculus, this face being 
apparently formed from the axis itself. In some genera of Caryophyllea? it seems 
probable that the placenta? are axial, while in others they would appear rather to be 
carpellary. 



1 i'. k>*' - ! I H 't ill <UkI' j'Uiriit i>i n\ nv“l I'h: /u H) i >/ • (.1 1 .il'i.iti), /'in I'.iu’ihiilin.il, the rrM m nan*.- 

w r,r ‘utinn, .1 i i’s n,i < i mil -iron from without n .i<U (or Jertili ..iimn , /.‘‘tli. sunn in lon^itiumi.il set turn tin* lints n n, 
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Among Superior Ovaries ivith axial Placcniation. those of Typha , Naias , and 
Pipcracead require especial mention. In these cases the very simple female flower 
consists (with the exception of the perianth of Typha , which is represented by hairs) of 
nothing but a small lateral shoot transformed into an ovary with a central ovule-. 
The apex of the axis of this shoot itself developes into the terminal nuecllus of the 
ovule, round which an annular zone grows up from below, overarches it, closes up 
above, and thus forms the wall of the ovary. In T\pha only one style and stigma 


1 Magnus Zur Morphologic der Oattung Naias (Hot. Zeit. ih/iy, p. 772).— Rohrbnch, Uebcr 
Typha (in Sit/ungsber. der (iesclls. nnturf. Freumle Berlin, Nov. 1 (i, 1869). — lianstein 11. Schmitz, 
Veber Entwiekelung der Piperacecnbluthen (Hot. Zeit. 1H70 p. tfs\ 

2 As in the case of the ‘axial anthers.’ so here ako some uncertainty still exists. ]» a letter 
to me Schenk distinctly denies the axial nature of the ovule in Tyjha; he states that it is lateral, 
that it appears as a small protuberance on the wall of the ovary, a portion which it retains until 
mntnrit). 
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surmount the ovary, which may therefore be considered to be composed of a single 
carpel which rises up from the floral axis as an annular zone. In Piperacese 
however the stigma, which is sessile on the apex of the ovary, is often placed 
obliquely or divided into several lobes ; and this, like the two or four styles 
which surmount the ovary of Naias\ indicates that the ovary is not composed of 
one but of several carpels, which first make their appearance, like the leaf-sheaths 
of Equisetum , as an unbroken ring, which only at a later period becomes resolved 
at its upper margin into teeth. This hypothesis appears the more admissible 
since, in other Angiosperms where a comparison with nearly allied forms justifies 
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us in inferring a number of coherent carpels, these carpels originate as an un- 
divided annular zone which developes into the ovary, style, and stigma ; as, for 
instance, in Primulaccaj (Fig. 392) (free central placentation). In Polygonaceae, on 
the other hand, where the ovary also forms eventually a closed cavity containing the 
central ovule (Fig. 391). the cohesion of two or three carpels to form the ovary may 
not only be recognised from the corresponding number of the styles and stigmas ; 
but separate carpels appear at first distinct on the floral axis, and only amalgamate 
in the course of their growth, their zone of insertion becoming elevated as a ring. 
Since the wall of the ovary does not in any of these cases form placentae from 


I am unable to understand why Magnus uilK the wall of the ovmy 'per 
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the number and position of which the number and position of the carpels might 
otherwise be more easily determined, we are thrown back on the direct observation 
of the first stages of development and on the numbers of the styles and stigmas. 
Failing this, the solution of the question depends on morphological relationships 
which arc still by no means made out with sufficient certainty, notwithstanding the 
numerous researches which have been made on the development of the flower. 

Besides the number of the carpels which have coalesced to form the ovary, it 
is a question of interest whether in any particular case the ovules have been pro- 
duced laterally on the floral axis or as its terminal structure. In the cases of 
P'i >eraceie, Polygonaceae, A Wcjj, Typha , &c., where only a single ovule springs from 
the base of the ovary, it is evident that this must be the terminal structure of 
the floral axis ; and the investigations of Ilanstein and Schmitz, Magnus, Rohrbach, 
and Payer, have proved in addition that not only the ovule as a whole, but the 
nucellus itself, must be considered as a terminal structure 1 . It must not, however, 
be inferred from this that every ovule which springs from the base of the cavity of 
the ovary necessarily forms the apex of the floral axis ; for it is conceivable that the 
axis itself may have ceased to grow, but has produced an ovule at the side of its 
apex, a case which we shall meet with further on in the inferior ovary of Composite. 
In a few cases the floral axis rises free within the spacious cavity of the ovary and 
produces ovules laterally, as occurs in Primulaccx* (Fig. 392) and Amaranthace® 
(in Ci/osia , according to Payer). 

The Infuior Ovary of cpigynous flowers results from the retardation or com- 
plete suppression of the apical growth of the young floral axis, its peripheral tissue 
rising as an annular zone, and producing on its free margin the perianth, stamens, 
and carpels (Figs. 393, 394). The hollow structure which is thus formed, and 
which is at first open above, is afterwards covered over by the carpellary walls 
which close in above it; the apex of the floral axis lie* at the bottom of the elongated 
cup shaped or tubular cavity. Notwithstanding this striking displacement of the 
axial parts, the structure of the inferior ovary resembles that of the free polyearpellary 
ovary in almost all respect* ; it may also be either unilocular or multilocular — if 
unilocular, the placcntation may be basilar, lateral, or parietal. When the placentarioii 
is basilar, the ovule sometimes appears as if it were the terminal structure of the 
apex of the axis; as for instance the erect ovule of Juglandcae. In Composite*:, 
on the other hand, the position of the single anatropous ovule is not terminal 
but lateral ; the apex of the floral axis may often be clearly made out as a small 
elevation beside the funiculus, and in abnormal cases it undergoes further develop- 
ment into a leaf-bearing shoot ' 2 . In Samolus (he apex of the axis rises within the 
unilocular inferior ovary as in the superior ovary of other Frimulaccx (Fig. 392), and 
bears a number of lateral ovules. If the placenta: of the unilocular inferior ovary 
are parietal, they form on the wall two, three, four, five or more ridges from above 
downwards or from below upwards, and bear two or a larger number of rows of 
ovules (as in Opunfm or Or< hide®), i hese placenta:, which project more or less 

1 [See infra, p 574.] 

8 Earner, Bildungsabweichnngcn und morpholo^i-che BedcuUing des J’flanzen-Kies (Zurich 1864). 

' Kohne, Die Bluthenentwickclung der Composite!!, Berlin 1869. — Buehcnau, Bol. Zeit. 1832, 

No. 18 et s&j. 
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into the interior, may be regarded as the prolongations of the margins of the carpels 
downwards on the inside of the ovary. A similar explanation may be given of the 
longitudinal dissepiments of the multilocular inferior ovary ; the same differences 
occur in them as those which have already been described in the case of the 
superior ovary; for they may either meet in the middle and bear the ovules in 
the axile angles of the loculi (Fig. 358), or they may split into two lamella), bend 
back, and bear the ovules in the middle of the cavity of the loculus (as in Cucur- 
bitaceae). Usually two, three, or more carpels share in the formation of the upper 
part of the inferior ovary, their elongated margins being prolonged inwards and 
developing downwards into the parietal placentae or the dissepiments of the multi- 
locular ovary. In such cases the inferior ovary must be termed polycarpellary, like 
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the superior ovary of similar structure. Examples of a monocarpellary inferior ovary 
appear to be very rare ; Hijfttris (Fig. 360) affords one ; its inferior ovary consists 
of a single carpel, and contains a solitary anatropons pendulous ovule. 

The Style is a prolongation of the carpel above the ovary ; in monocarpellary 
ovaries there is therefore only one style (Figs. 382, 384), which may however be 
branched ; when the ovary is polycarpellary, the style consists of as many parts as 
there are carpcllary leaves ; these parts may be free for the whole distance above 
the ovary (Fig. 386), or coherent for a certain distance above it, separating only at 
a greater height; or, finally, they may cohere for their whole length (Figs. 388 G, 
390). Although the style arises from the apex of the young carpel, it may subse- 
quently stand on the axile side of the monocarpellary ovary, the carpel becoming 
considerably bulged outwards by the more rapid growth of the dorsal side ol the 
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ovary (as in Fragaria and Alchemilla ). If this occurs with each of the carpels of a 
polycarpellary ovary, the ovary itself appears to he depressed in the middle, and the 
style rises from the depression (Figs. 387, 388). In Labia tie and Boraginea? this 
peculiarity is especially conspicuous, the four lobes of the bilocular ovary forming 
strong protuberances (Fig. 390, A , /?), so that the style finally appears to spring 
from between four parts of the ovary which seem to have scarcely any connection 
with one another, and is hence termed a gynobimr style. 

Idle style may be hollow, that is, it may be penetrated by a channel consisting 
of a narrow elongation of the cavity of the ovary, as in Butomus (Fig. 382, B, F), 
where it opens on the hairy surface of the stigma; or in Viola (Fig. 395), where 
the channel is broad, and opens above into the spherical cavity of the stigma; 
or in Agai't and Founroya, where the sty le is hollow throughout its whole length 

and open to the stigma, the simple channel dividing 
.voaw below into three tubes which run into the loculi of 

\ the ox ary, a phenomenon which occurs also in other 

a Liliacea.* '. In other cases it is at first hollow, as in 

\ wr C A/higitllis (Fig. 392, B), but becomes afterwards filled 

\\ If f up by the growth of the tissue . There is usually no 

) Jj h channel to be delected in the stvle when the pistil is 

ready for fertilisation, or at least not in its upper part ; 
in the place of this its centre is occupied by a mass 
\ of loose tissue, the ‘conducting tissue,’ through which 

/ the pollen-tubes grow till they reach the cavity of the 
If ' ovary. The external form of the style is usually 

VJ ( \ cylindrical, filiform, or columnar, sometimes prismatic 

\ ' * or ribbon-shaped; in th<* Iridnc it generally attains 

^ ^ a considerable size; in Crams it is very long, tripartite 

v j( / above, each division being deeply hollowed out like 

in, vir-i , u. : t.iftm .1 s..t. .1 1 !..■*» a cup; while the genus Jr is is distinguished by its 

. 1 ’» >'>;<, three free broad petaloid coloured styles. Sometimes 

is fill. >1 w 1 1 1 1 t)'. iff. • « * i* -n the portion of the stvle which belongs to each carpel 

>ir<* p.rllrii ..turn- will' li .tr« |.»i‘iuu; r!«. it ' . . . , 

1.. iicu-tuf.cs. branches, a* in Lupliorbiacea*, where a tripartite style, 

each arm of which bifurcates, corresponds to the three 
carpels. The style frequently remains very short, and then has the appearance of 
being a mere constriction between the ovary and stigma, as in Vi/is. 

The Sfiymn 1 2 , in the narrower sense of the term, is the part of the style which 
is destined for the reception of the pollen. When pollination takes place it is 
covered with a viscid secretion, and usually with delicate hairs or short papilla?, 
constituting a glandular structure which is sometimes merely a peculiarly developed 
portion of the surface of the style, sometimes a special organ of very variable ap- 
pearance attached to it. The form of the stigma always has an intimate connection 
with the mode of conveyance of the pollen by insects or otherwise, and can be 
understood and explained only when these facts are taken into consideration. A few 
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1 Znccarini. Nova Acta Ac. Leopold, XVJ pf. II. p. 665. 

2 [Hchiens Lntci’such. uch. d. anal. Dan dcs (iriffeb und <Icr Nat ben, (Joltingcn 1875.] 
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specially interesting cases will be described in Book III; it is sufficient now to 
mention that the surface of the stigma forms the exit of the open channel of the 
style when there is one ; if this channel is closed or entirely absent, the stigma 
has the appearance of a superficial glandular structure upon or beneath the apex 
of the style or of its arms. If these arms are long and slender, and covered with 
long hairs, the stigma has the form of a pencil or tuft of hairs or feathers, as in 
Grasses; in Solanaceae and Cruciferoe the moist surface of the stigma covers a 
knob-like indented thickening at the end of the style ; in Papaver it forms a many- 
rayed star on the lobed style. Sometimes the stigmatic portion of the style is 
greatly swollen, as in the Asclepiadeae, where the two monocarpcllary and distinct 
ovaries cohere by the stigmas ; the true stigmatic surface into which the pollen-tubes 
penetrate lies in this case concealed on the under side of the stigma 1 . 

The Nectaries a . Wherever pollination is effected by insects, glandular organs 
are found in the flowers which secrete odoriferous and sapid (generally sweet) 
juices, or contain them within their delicate cellular tissue from which they are 
easily sucked out. These juices are included under the term Nectar , the organs 
which produce them being the Nectaries. The* position, form, and morphological 
significance of the nectaries are very various, anti always stand in immediate 
relation to the special contrivances for the pollination of the flower by means of 
insects. 'The nectaries are often nothing but glandular portions of tissue on the 
foliar or axial parts of the flower; very often they project in the form of cushions 
of more delicate tissue, or take the form of stalked or sessile protuberances ; or 
whole foliar structures of the perianth, of the andn.ecium, or even of the gynajeeum, 
are transformed into peculiar structures for the secretion and accumulation of 
the nectar. Since it is quite impossible to treat these organs morphologically in 
general terms, a few examples may serve to show the student where he will 
have to look for the nectaries in different flowers. In FritHlaria imperiatis the 
nectaries are shallow excavations on the inner side of the perianth-leaves near their 
base, large clear drops of nectar exuding from them; in Fhragnus fusca a glan- 
dular annular cushion on the gamophyllous perianth (Fig. 384 d) ; in Rheum slight 
glandular protuberances at the base of the stamens (Fig. 391 dr) ; in Nicotiami 
an annular callosity at the base of the superior ovary; in the Umbelliferae a fleshy 
cushion surrounding the bases of the styles united above the inferior ovary (Fig. 
383 h h, p. 559) ; in Composite they are also at the base of the style (Fig. 393). 
In Citrus , Cobra scandcns , Lahiata?, and Krieaeere, the nectary appears as a develop- 
ment of the floral axis or receptacle in the form of an annular zone beneath the 
ovary (Figs. 387 d, 390 A, /), &c. ; in Crucifenu and Fagopyrum in the form of 
four or six roundish or club-shaped outgrowths or warts between the filaments, &c. 
An abortive stamen is converted into a nectary in the Gesneraceic ; in Cucumis Mela 
(the Melon) the whole andrceciuin is replaced in the female and the gynseceurn in 
the male flowers by a similar organ. As a rule the nectaries occur deep down 
among the other parts of the flower ; and when they secrete nectar, it collects at the 

1 On the position of the lobes of the stigma in relation to the placenta: in different plants, see 
Robert Urovvn, Misc. Hot. Works. Ray Soc. 1867, vol. I. pp. 553 563. 

u [Behrens, Die Nectaricn tier Bliithcn, Flora, 1879. — Bonnier, Le* nectaircb, Ann. < 1 . sci. nat. 
set. 6. t. VII. | 
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bottom of the flowers, as in Nicotiana and Labi a toe. Frequently, however, special 
hollow receptacles are constructed for this purpose, as is especially the case with the 
bag-like appendages of the perianth-leaves (Fig. 396), usually called Spurs . In 
Viola only one of the perianth-leaves forms a hollow spur, into which the ap- 
pendages of two stamens are prolonged and secrete the nectar. The cup-shaped 
stalked petals of llelhborus and the slipper-shaped petals of Nigdla secrete at the 
bottom of their cavity the nectar which gathers there. 

The Ovule (macrosporangium) of Angiosperms usually consists of a clearly 
developed, sometimes even very long stalk or Funiculus (as in Opuntia and Plum- 
bagincLv)— which, however, is sometimes entirely wanting, as in Grasses — and one 
or two integuments which enclose the nucellus. [The general rule is that the 
ovules of the gamopetalous Dicotyledons have one integument, and that the ovules 
of the apctalous and polypctalous Dicotyledons as also those of the Monocotyledons 
have two integuments. Exceptions occur, however : thus, among gamopetalous 
Dicotyledons the Primulaccae, Myrsincie, Plumbaginacea\ and Cucurhitaccre have 
two intcgumeiAs; and among apetalous and polypctalous Dicotyledons the following 



Mu ,/j — 1 lower. with -Spum.il M p.u-i (.7) .owl pt't.il-. (/. < J , / HncrltMn /tnfrfa, H / /’rum/ntoi urn. 


have only one integument, the Loasea.% Pittosporea.*, Umbellifera.% Cal! it riche , 
Fm pet rum, Wppuris , and Esc a l Ionia (Warming), j A third envelope, the Aril, is 
frequently formed subsequently (as in Myristica , Euonymus, Asphodelus lutea , Aloe 
subtuber culata. Sec. When the ovule is the terminal structure of the floral axis, 
and has a short funiculus, it is orthotropous, as in Piperaccx* and Polygonacese ; 
the campylotropous form, i.e. where the nucellus together with its integuments 
is itself curved, is comparatively rare, but occurs in Grasses, Fluviales, Caryo- 
phylleae, & c. The usual form of the ovule of Angiosperms is the anatropous ; 
the nucellus together with its integuments is inverted, so that the micropylc faces 
the point of origin of the funiculus from the placenta (hilum) (Figs. 382 , F, 383); 
in this case the funiculus runs up the side of the ovule, coalesces with it, and is 
termed the Raphe. The micropyle is frequently, especially in Monocotyledons, 
formed by the inner integument only of the nucellus; but sometimes, especially 
among Dicotyledons, the outer integument grows also above the opening of the 
inner one, and the channel of the micropyle is then formed at its outer part (the 
Exoslome) by the outer, at its inner part (the Endostome) by the inner integument. 
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When there are two or three integuments, the innermost (the Primine of Mirbel) 
is generally formed first, then the outer one (the Secundine ), and finally, usually at 
a much later period, the Aril ; the order of development is therefore basipetal in 
reference to the axis of the ovule. The transverse zone from which the single 
or the two true integuments spring is termed the Chalaza (more correctly the base 
of the ovule). 

The integuments are usually only a few layers of cells in thickness, and have 
the appearance, especially when they enclose a large nucellus, of thin membranes 



Fli. — / — / 7 / stages of development of the <n 11 k- of Orr/t,\ miittarn (\ 350) ; l—Vl been front the side in longitudinal 
sot tion, / ’ll from the front, the luniculus being behind, I’lII n hot irnnt.il section of /. x \ tin- a\i,il row of cells, the upper one 
of wlmh ts the nnhesporlum, r, /’the fuiti. ulus, // the inner, at the outi 1 integument, A' the iiticellus, n the micropyle, /* an 
intercellular space; m # 7 / th« cmhryo-s.u r has completely replaced the tissue of the nucellus 


(Fig. 382, E). But when only one integument is developed, the nucellus usually 
remains very small, while the integument becomes thick and solid, extending far 
beyond the nucellus, and forming, before fertilisation, th^ principal mass of the ovule, 
as in Hippuris (Fig. 360), Umbclliferoe (Fig. 383), and Composite (Fig. 393). 

There is still much doubt about the history of development of the separate 
parts of the ovule 1 ; the following may be stated as certain or at least probable. 
In the formation of the erect orthotropous ovule the apex of the floral axis rises 
within the ovary as a roundish or conical ovoid protuberance which forms the 

' [For an account of the development of the ovule >ee infra, p. 57^] 
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nucellus; an annular wall grows up first, and finally envelopes the nucellus and 
extends beyond it as an integument. If a second outer integument is formed in 
addition, this arises in a similar manner, and grows up around the first (as in 
Piperacete, Polygonaceae, &c.). The anatropous ovule may be at first a straight or 
slightly curved projection of tissue (as in Fig. 397, /), but it immediately becomes 
evidently curved at the spot where the first or the single integument springs from it 
(Fig. 397, //, ///, 11*); the apical part enclosed by the integument then forms the 
nucellus, while the subjacent basal part becomes the funiculus. As the integuments 
arise, the curvature becomes gradually stronger, and the nucellus becomes inverted 
even before the outer integument has entirely developed. This latter is therefore 
not formed on the side next to the raphe, but clothes all the free part of the 
ovule, right and left of the raphe (Fig. 397, f] VI, VII). Cramer was the first to 
point out that anatropous ovules may originate in another way (and this is probably 
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the most common case), the ovule developing as a secondary lateral projection 
beneath the apex of the young conical funiculus, and curving backwards subse- 
quently towards the base of the latter. This inversion takes place while the single 
or the inner integument is enveloping the nucellus from the summit of the funi- 
culus; the second integument, if there be one, then similarly clothes the free part 
(sec Fig. 398, II C). Kolme 1 has indeed thrown some doubt* on the actual lateral 
origin of the nucellus, not only in Composite, but also in Solatium , Htdcra. Fuchsia , 
Btgonia , Sc c. I have, however, had the opportunity of observing a number of 
different stages of development in this respec t, and not only of convincing myself 
that the funiculus arises laterally with respect to the apex of the floral axis, but also 
that the nucellus, when first visible, stands laterally also below the apex of the funi- 
culus. It is possible that the observation of peculiarly favourable cases will remove 

1 Knhnc, Utber die Blutlunentwickelun^ bci den Compodtui. Hcilin 1866. [Kohne’s view is 
supported by IlacnleiVs obsei cations (licit. /. Eut w i ck clun^csch ichte «ler Compositcnbliithe, 
ScJiei k\ MiUheilungcn, 11. jS;*).] 
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the last remaining doubt on this point 1 . Cramer has shown in a number of 
other instances that all stages of the metamorphosis of ovules occur when the 
flower is developed in a monstrous condition, leading also to the conclusion that 
the nucellus is a lateral development on the funiculus of the ovule. Malformations 
of Delphinium datum , where the ovules spring from the margins of the carpels, show 
that the carpel is transformed into a flat open pinnate leaf, the lobes of which are 
the metamorphosed ovules. The nucellus here springs from the upper or inner 
side of the lobe of the leaf which represents the transformed funiculus together 
with the integument. In Mdilotm , Primula chirn ns is, and Umbelliferoe, Cramer 
found the same to be the case 2 . Relying on this and other facts, and on the 
hypothesis that the ovule is never a terminal structure of the floral axis, Cramer 1 
adopted the view that the ovule is cither a metamorphosed leaf or part of a leaf 
(a tooth or outgrowth of the upper surface). The ovule of Primulaceoe and Com- 
posite he considered to be a whole leaf, and he supposed that closer observation 
would show the same to be the case in other flowers also, especially in those 
where the flower is said to possess a solitary £ reputed terminal ovule/ as Ur tic a 
(and Taxus), and perhaps also the Dipsacacea? and others. The nucellus would in 
this case he a new formation on the surface of the ovular leaf, the funiculus would 
correspond to the base of this leaf, and the integuments to its upper part, which is 
folded once or twice in the form of a cup or hood round the nucellus. On the 
other hand he would consider as only portions of the leaf (teeth or outgrowths of 
the upper surface) all those ovules which spring singly or in numbers from the 
margin or upper surface of carpellary leaves, as those of Cyeadeie, Abietinese (?), 
Liliacca*, Umbclliferac, Ranunculacea*, Kesedacene, Cruci ferae, Leguminosie, &c. In 
these cases the nucellus would be a new formation on the sutfacc of the lobe, the 
funiculus would correspond to its base, and the integuments to its upper part folded 
once or twice round the nucellus in the form of a cup. Only in those few plants in 
which the ovule has no integument would the naked nucellus or entire ovule corre- 
spond to this lobe of the carpellary leaf. In the first edition of this book I expressed 
my agreement with Cramer’s view, but with a reservation with respect to Orchidcoc, 
being especially influenced by the importance which I then attached to the morpho- 
logical equivalency of the nucellus in all Phanerogams. Further reflection has, 
however, deprived this reason of its importance; and I am the more induced to 
ascribe different morphological significations to the ovules, according to their mode 
of origin and their position, because (as has been shown by Magnus, Rohrbach, 
Ilanstein, and Schmitz 4 ) in Piperaccar, Tvphacese, and Naiadece the ovule is 
actually the terminal structure of the floral axis, and in Naias this terminal ovule 
is also anatropous. In these statements I not only find the confirmation of my 


* Schenk writes. 4 that which appeals plausible enough in the Composite is certainly not the 
case in other families; the o\ule is not a lateral branch of the primitive rudiment, but this itself 
dcvelopes into the ovule.’ 

* Compare also H. von Mold, Vermischlc Schriften, pi. I. figs a; 29. 

3 Cramer. Hildungsabweichungen bci einigen wichtigeren Pflanzcnfamilicn und die morpho- 
logische fledeutung des Pflanzencics (Zurich 1869, p. J 20), where the literature of this subject has 
been carefully treated. 

4 These researches have been already quoted; [see also Kidder. Helosidecn, Hot. Zeitg. 1868, 
and Stiadmrger, Coniferen und Gnctaceen, 1872.] 
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own observations on Clicnopodiacea; and Polygonaceae, but they also warrant 
the assumption that the ovules previously described by Payer as terminal arc 
really so. Since, however, it is not my object here to enter into a detailed proof 
of theoretical matters, it will be sufficient for the present to summarise the various 
phenomena. 

With respect to position, the following classes may first of all be distinguished: — 

A. Ovules produced on the Carpels and springing from the carpellary leaves ; 
and either 

1. Marginal, from the reflexed margins of the carpels (Figs. 385, 386, 
3 8 7> 39°) ’ or, 

2. Superficial , from the whole of the inner surface of the reflexed halves 
of carpellary leaves, always apparently with the exception of the 
mid-rib of the carpellary leaf (Fig. 337, 382). 

3. Axillary or basal, arising from the base of the upper surface of the 
carpel or in the axil of the carpel ( Ranunculus , Scdum , Zanichcllia 

f according to Warming 1 ). 

1 See Warming, Rcch. sur la lamilication <lcs Phaneiogames, Kopenhagrn 1^72, ]> 22 . Tab. XI. 
fig 1-10. Axillary ovules aie no mole to be regarded as buds (eaulomes') than me the axillary 
sporangia of Lycopodium. 

[The question of the moi phologieal significance of the placenta and of the ovule is one which 
has been much discussed of late. With regard to the placenta, Sehleiden, stalling with the concep- 
tion of the ovule as being a bud, considered the placenta to be necessarily an axial structure, 
inasmuch as only axial structures normally bear buds (Ptincip'cs of Scientific botany. 
pp. 382 If.), a view' which was adopted and developed more especially by Trench botanists (see 
Payer, Organogenic). Accoiding to a second \iew, the placenta is a poition of the carpel itself, 
usually of its margin, that is, that it is alwaxs boine by a leaf This view has been lcvived of late 
yeais by Van Tieghem (Rech.sur la structure du pistil, 1871V by Uelakoxsky (Ueb. Placemen und 
Hemmungsliddungcn dei Uarpclle, Sit/ber. der k bohm. Ges., Prag, 1 S 7 5 ; Vergl. Daistellung del 
Placemen, ibid, 1K76), by braun (Bcmerk. ueb. Placentenbildung, Sitzber. d bot. Ver. d. j>iov. brand. 
1874V and Kichler (bluthendiagrammc, 11. 1878) lias now accepted it. In spite of all that has been 
written in support of these two theoiies, it cannot be admitted that either of them satisfactorily 
explains every possible case: if the former must evidently be forced when it is applied to a case of 
parietal placentatiori, this is equally the case with tin. latter when it is applied to free-central plaeen- 
tation, as in the Primulacem. both these attempts at generalisation seem to be too arbitral y. In 
consequence a third view has been promulgated, more especially by Huisge-n (Untcrsuch. ueb. die 
Kntwickelung der Placemen, Bonn 1873) and formerly held by Kichler ( bluthemlin gramme, 1. 1875), 
that the nature of the placenta is not the same in all ca cs. In the Primiilaccsc, for instance, it 
belongs to the floral axis, and, accoiding to Huisgcn, this is also the case in certain instances of 
axile placentation, as in the Sola»ace:e. Kobeliacea?. Kticaceie, Mai vacua*, and 1 Iypericacere, the 
placenta in the-e orders being a prolongation of the stem ; it also Ik longs to the axis in such forms 
as the Piperace.c, in so far as any placenta can be said to exist in them at all : in the Violacea* and 
Lcguminosa.* and in Monocotyledons the placenta is a development of the carpels: finally, in (Jiuci- 
feta.- and Rcwdact*. and, accoiding to barcianu, in the Onagracccc (Ueb. die bliithenbildung der 
Onagraccen, Schenk’s Miltheilungen. 11. 1875,, the placenta is an inde])cndcnt organ, probably a 
phyllonie, a view which was held by Trcviranus (Physiologic, II. 1838). 

Now with regard to the ovule. Sehleiden, Braun, and most of the older botanists regaided 
the ovule as being a bud, but many regarded it as a leaf or pait of a leaf (for the caily history of the 
subject see Braun, Polyembryonie und Keimung von OLbogyne, i860), a view which, as stated 
above in the text, has been more recently revived by Ciamcr; this view has been further developed 
by Celakovsky (Ueb. die morphol. Bcdeutung der Samenknospen, Flora, 1874; Zur Discussion 
ueber das Eichen, Bot. Zcitg. 1875, and Vergrimungsgeschichte der Eichen von Alliaria officinalis, 
ibid. 1875, und voti Trifolium repens , ibid. 1877), and so far modified that, according to him, the 
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B. Ovules produced on the Axis and springing from the prolongation of the 
floral axis within the ovary, the carpels themselves being sterile; these may 
be either — 

4. Lateral , when they stand beside or below the apex of the floral axis, 
which either rises as a columella and bears a number of ovules (as 
in Fig. 392), or is arrested in its development, so that the single 
ovule formed appears terminal (as in Fig. 393) ; or, 
f). Terminal , when the apex of the floral axis itself becomes the nucellus 
(as in Fig. 391, and in Pipcracex, Naias , Typha , &c.). 

To which of these classes the ovules belong in any given plant must be decided 
in each separate ease ; the position on the margin of the carpels is by far the most 
common among Angiospcrms, both the superficial and the axial position belonging 
only to single families or genera. If these facts arc compared with what occurs in 
Gymnosperms, the ovules of Cycadex must be classed with the marginal carpellary, 
those of many Cuprossincx with the superficial description ; while those of Taxus 
arc axial anti terminal, and those of Salisburia lateral. 

When the position of the ovules is given, so also is some information as to their 
morphological significance : the terminal ovules may be regarded as the terminal 
portion of the axis, the lateral as equivalents of whole leaves, the marginal as branches 
of leaves (lacinix, pinnx, or lobes) ; the superficial ovules may be included in the 
category of such foliar outgrowths as we have already found to occur in the form of 


ovule is a metamorphosed segment of a carpellary leaf, a definition which Fichler has now accepted 
(Hluthendingramme, II). A third view, the one stated in the text, is now held by many, that, as in 
the case of the placenta, the morphological value or ‘dignity' of the ovule is not always the same. 

Of these views, the one which appeals to he the most true to natuie ia the one which allows 
the greatest latitude but it is not always possible to refer an ovule to one of the categories, 
caulome and phyllome, for its position does not necessarily indicate its morphological significance. 
Thus, a lateral ovule, as in Composite and Primulaec.c, might he either a leaf 01a bud; its probable 
leaf-nature in these cases depends entirely on tautological evidence, which is of very doubtful value, 
for an oigau in a monstrous condition does not necessarily assume its primitive archetypical form. 
Again, an organ borne by a leaf does not necessarily represent some typical part of the leaf, witness 
the adventitious buds which are developed on leaves in many cases, and the ovules which cover the 
surface of the cat pels in Nuphar Inteum and lirasenia peliata (Strasbnrgei , Angiospct men uml Gymno- 
spermcn, p. 57). 

The difficulties met with in endeavouring to regard the ovule as a caulome or a phyllome may 
be got over by regarding it as an ‘emergence* (Strasburger, he. r/7.), borne sometimes on an axial, 
sometimes on a foliar member. This view, to be completely satisfactory, ought to be applicable 
also to pollen-sacs and to the sporangia of the Vascular Cryptogams. This cannot be quite accu- 
rately done, for an <, mergence (p. 162 an/e ) is described as being developed not only from the 
epideimal layer but also from the subjacent cells of the organ bearing it; and vve know that the 
sporangia of the Vascular Cryptogams (except those of I socles) and the pollen-sacs of Pin us are 
derived from one or more epidermal cells. Goebel (Hot. Zeitg. 1081) has expressed the opinion that 
a sporangium (ovule, pollen-sac) is simply a sporangium, an organ sui generis as much as a stem or 
a leaf. 

A few words may be added here with reference to the morphological significance of the integu- 
ments of the ovule. The view has been often expressed that the integuments of the ovule are 
homologous with the indusium of Ferns; this is opposed by Strasburger (Angiospcrmeu und 
Gymnospermcn) and by Goebel (Hot. Zeitg. 1881) on the ground that the integuments arise from 
the ovule itself, whereas the indusium is an outgrowth of the leaf bearing the sporangium. These 
organs are analogous, but not homologous.] 
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sporangia in Lycopodium. These explanations are so far confirmed by the occurrence 
of malformations, that the lateral axial and the marginal carpellary ovules are often 
enough transformed into foliar structures of ordinary form, while this appears never 
to occur with terminal or superficial ovules. 

These remarks have at present been confined to the ovule as a whole, although 
reference has already been made to the theory of Cramer on the various morpho- 
logical relationships of the nucellus and of the other parts, the funiculus and the 
integuments. Malformations’, which in this respect are even more instructive than 
the normal development, led Cramer to the conclusion that when the ovule appears 
to be the equivalent of a lateral branch or of the whole of a leaf, the funiculus and 
the integuments together correspond to the foliar structure in each case ; the nucellus 
arises from it as a lateral outgrowth, while the integuments correspond to the booth 
shaped lamina of the leaf, growing over the nucellus. 

The ovules are sometimes rudimentary ; those of Ualanophorcsac and Santa- 
laceiv have no integument ; the nucellus is naked, and in some species is itself 
composed* of only a few cells. In Loranthaceie the development does not even 
pioceed so far as the formation of a distinctly differentiated ovule ; the growth of 
the apex of the floral axis ceases so soon as the carpels begin to he formed ; and the 
cohesion of these is such that it is scarcely possible to speak of a cavity of the ovary; 
the formation of the embryo-sac in the axial part of the tissue of the inferior ovary is 
the only indication that this spot corresponds to the ovule ; and since more than one 
embryo-sac is formed, it still remains doubtful whether this mass of tissue must be 
regarded as the equivalent of one or of several ovules 8 . 

J'he Development of the Ovule and of the Embryo-sac"' . | The first indication of 
the development of the ovule is the division by a wall parallel to the surface 
(peiiclinal) of one or more cell* lying immediately beneath the epidermis of the 
placenta 1 * * 4 ; in the case of ovules which have a simple structure when mature, as those 

1 [See Masters Vegetable Teratology, 1S69; ami Fey lioch, Zur Teiatologie del Ovula, Fest- 
schrift d. k. k. Zool.-Ilot. Ges Wien. 1876.] 

* Ilofrneister, Ncne Heitiage, 1 (Abbamll. tier knn. s:uhs. Gesellseh. tier Wissensch. VI). [The 
jcmaiknblc position of the ovule in Hvdnora O'ro.'nfancJit) americana, immersed in the placental 
tissue. L comparable with that of the sporangium in horte^ (Tig. 334). It is not possible to 
say at present if t)u- embryo-sac of llydnora belongs, like that of the Loranthaeecv, to an ovule 
which aiises as a prominence on the placenta ami is subsequently overgrown by it, or if it is 
developed fioma cell of the placental ti.wie, the ovule not becoming differentiated front the placenta. 
On llydnora .sec De Hary, Abhandl. dcr naturf. Gesellseh. vu Halle, vol. X ; Hooker, Journ. Linn. 
Sue. vol. XIV. p. 1X2.] 

9 Hofmtister. Neuc Hcitragc mr Kcntilniss der F.mbryohildung der Fhanerogamcn, Abhandl. d. 
sachs. Ges d. Wiss, VI, VII, 1 H59. [Strasburgcr, Die Comferen imd Gnclaceen. p. 409; id. Uel). 
llcfruchtung und Zellthcilung ; id. Ueb ZeUbddung und Zelltheilung, 3rd ed. ; id. Die Angiospennen 
und die Gynmospeimen. — Waiming, De l’ovule, Ann. d. Sen Nat. 1878— Vesquc, Dev. du sac 
embryonnairc des l’hanciogame>, Ann. d Sei. Nat su. 6, VI, 187K; id. Neuc Untcrsuchungcn, Hot. 
Zeilg. 1X79 — Trcub et Mellink, Notice sur le dev. du sac embryonnairc, Arth. Netrlandaises, XV. — 
Fischer, Zur Keuntniss der Fmbryosaccntwickelung. Jenaiseh. Zeitschr. XIV, 1XS0. — Marsliall 
Ward, Embryo-sac of Gymnadenia conopsea. Quart. Journ. Micr. Sci. XX, 1X80; id. Journ. Linn. 
Soc. XVII, 1880. J 

4 [I11 the fouith German edition, Trof. Sachs, relying upon the observations of Hofmcistcr, 
regards the ovules of Oichiderc as being trichoines, inasmuch as they are stated by Ilofmeistcr to l>e 
developed fiom single epidermal cells of the placenta. Hofmcister’s observations have been shown 
to be erroneous bv Strasburgcr (Gonifcren und Guclacien't and by Wanning (i-c. lit.). The ovules 
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of Orchids, only a single cell is thus divided, in other cases several. By repeated 
divisions parallel to the first the cells are multiplied, and a protuberance is formed 
consisting in Orchids (Fig. 397) of a single row of cells, in other cases of a number 
of rows, invested by the epidermis ; this protuberance is the nucellus. 

The general course of the development of the embryo-sac is as follows : the 
terminal cell of the row in simple ovules (Orchids, Mono/ropa), the terminal cell of 
the axial row in more complex ovules, a hypodermal cell therefore l , becomes distin- 
guished by its size and by the granularity of its protoplasm. This cell elongates with 
the growth of the nucellus, and a segment is cut off from it towards its upper 
(micropylar) end by a transverse wall, and this may be followed by the cutting off of 
a second segment in a similar manner ; only one such segment is cut off in Tritonia 
aurea , Anther icum ramosum , Triglochin palustrc, Luzula pilosa , Tradescatilia virginica, 
Chenopodium fatidum , Helianthemnm Rhodax , etc., two in many Rosacese: when 
only one segment is cut off, it usually divides into two by a wall parallel to the long 
axis of the nucellus (anticlinal), and whether one or two segments have been primarily 
cut off, they may undergo division by transverse walls. The large remaining cell now 
usually is divided by a transverse wall into two of nearly equal size, and one or both 
of these may be divided in a similar manner. The walls which are formed in connexion 
with these divisions are remarkable for their thickness and their glistening appearance. 
The result of these divisions is the formation of a row of three or four cells lying 
in the long axis of the nucellus ; it is usually the lowest cell of this axial row which 
enlarges and becomes the embryo-sac, causing by its growth the absorption of 
the others. 

Before going into further detail it will be well to become acquainted with the 
terminology which is to be used in describing these phenomena, and this may be best 
done by comparing them with those which accompany the development of the 
sporangia in the Vascular Cryptogams. It has been already pointed out that the ovule 
corresponds to a sporangium, and we see, from the facts stated in the preceding 
paragraph, that in its first development it resembles the sporangia of Isoetes in that it 
is derived not from the epidermis only but also from subjacent cells, and that, as in 
the sporangia of the majority of Vascular Cryptogams, there appears within it at an 
early stage a hypodermal cell which is readily distinguishable from the cells surround- 
ing it : to this cell the term archcsporium may be applied as well here as in speaking 
of the Vascular Cryptogams, Similarly we may call the cell or cells which are cut 
off from the archcsporium toward its micropylar end iapetal rells y the tapetum being 
completed in these plants by cells of the nucellus, a condition which recalls that in 
Selaginella. The further divisions of the archcsporium are comparable to those which 
take place in the sporangia of the Vascular Cryptogams and which result in the forma- 
tion of the mother-cells of the spores : the axial row of cells is then a row of spore- 
mother-cells, and, inasmuch as one of these developes into the embryo-sac, the 

of Orchids arc developed in the manner described above in the text. Warming also stales that in 
many cases the first cell-divisions make their appearance in the layer next but one to the epidermis 
( Rtbes f Viola , Ficaria , Geum, Latnium , Symphytum , Verbascum), or even in a deeper layer ( Malva , 
Piswm).] 

1 [In Carex pr<ecox % according to Fischer, the archcsporium is derived from a more deeply 
placed cell of the nucellus.] 
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embryo-sac in the ovule of an Angiosperm is equivalent to one of the spore-mother- 
cells in the sporangium of a Vascular Cryptogam. 

Among the more important deviations from the above described mode of the 
development of the embryo-sac, the following may be mentioned. In Tulipa Ges - 
neriana and in Lilium bulbiferum , according to Treub and Mellink, the archesporium 
undergoes no division, but simply enlarges and becomes the embryo-sac. In a 
number of cases described by Strasburger (Angiospermen und Gymnospermen) and 
Fischer ( Myosurus minimus , Scnecio vulgaris , Lamium macula/am , Delphinium tridac - 
tylon and villosum , Sisyrinchium ir id folium, Orchis pollens, Gymnadenia conopsca, 
Monotropa Hypopitys, and several Grasses) no tapetal cells are formed. In Alisma 
Plan/ago , Allium fistulosum, Chenopodium faiidum, and Sabulina long folia, the arche- 
sporium only divides once, that is, it produces a row of only two cells, the lower of 
which becomes the embryo-sac. 

It has been not unfrequently observed that the terminal cell of more than one 
of the rows of cells of which the nucellus primarily consists assumes the characters 
of an archespbrial cell : in such cases the archesporium is multicellular, a condition 
which is the normal one in Isoctes among Vascular Cryptogams. This appears to 
be commonly the case among the Rosacea?. In Fragaria I'esra Strasburger found 
(and his observations have been confirmed by those of Fischer on Cydonia japonica, 
Gcum strictum , Sanguisorba pra/ensis , Rubus aesius , and Agrimonia Eupatoria) 
several archesporial cells forming a hypodermal layer or row. Each of these 
cells behaves in the manner already described : one or two tapetal cells are cut 
off, and then the cell undergoes division so as to form a row consisting of three 
or four cells. The lowest cell of each of these rows now begins to develope into 
an embryo sac, but the cell of the axial row developes more rapidly than the 
others, causing their absorption ; it is this cell which constitutes the embryo-sac. 
In Rosa livida Strasburger has observed that the uppermost cells of the rows, 
which usually consist of four cells, but sometimes of five or even six, develope and 
enlarge, and the second cell of the row often does the same. In the process of 
development some of these commencing embryo-sacs become absorbed, as do also 
the tapetal cells and the layers of cells which have been formed at the apex of the 
nucellus by the repeated division of the epidermal layer ; one of them generally 
extends to the integument and becomes the largest embryo-sac, but the mature 
ovule contains several embryo-sacs. Tulasne has pointed out } that in the Crucifers 
(Cheiranlhus Chciri) several embryo-sacs are developed, but only one of them is 
persistent. These phenomena recall the fact that in Taxus , Ginkgo, Thuja and 
Gnetum , among Gymnospcrrns, several embryo-sacs are at first formed.] The 
multiplicity of embryo-sacs in the ovary of Viscum cannot be included under this 
head, for the absence of the differentiation of the ovule makes it uncertain whether 
the mass of tissue in the ovary, to which w T e have already alluded, is to be regarded 
as the equivalent of one or of several ovules. 

[In a great number of cases the epidermis of the nucellus remains a single layer 
of cells, but not unfrequently two layers are formed at the apex of the nucellus by 
the periclinal division of the primary epidermis (dermatogen). In some cases several 


1 [£tudts d’embryngenie vegetale, Ann. d. Sci. Nat. XII, 1849 ) 
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layers of cells are thus formed constituting a sort of cap at the apex of the nucellus : 
this is indicated in Hippurts , and it is well seen in Delphinium , Helianthemum, and in 
the Rosace® ; to the last case reference has been made in the preceding paragraph. 
In Geum urhanum , Iris Pseudacorus , and Agroslemma the whole free surface of the 
nucellus is covered by a number of layers of cells which have been formed in this 
manner (Warming). 

The integuments are developed as outgrowths of the nucellus. In those cases 
in which the ovule has only a single integument, the greater part of it is developed 
from the epidermis of the nucellus. When the ovule has two integuments, the 
inner one is developed principally from the epidermis, the outer principally from 
the subjacent cells *. Cell-division and growth take place in a zone encircling the 
nucellus, and thus the integument grows up, at first as a ring, but later as a con- 
tinuous membrane investing it. Accordingly as this zone is narrow or broad, the 
integument will consist (in thickness) of one or more layers of cells. As a general 
rule the inner integument in those cases in which two are present is developed 
first ; exceptions to it appear to occur, according to Warming, in Euphorbia , Cuphea , 
Mahernia glabra ta. 

In some cases three integuments appear to be present (Asphodelus luteus and 
creticus , Reseda lutea ), but it seems probable that the external one is to be regarded 
as an arillus. On the other hand it appears, in some cases in which two integuments 
are developed, as if only one were present ( Viola, Ecus, Convallaria , Orchis , Tro- 
pceolum , Delphinium ); this is due to the very intimate connexion of the two in- 
teguments.] 

The further behaviour of the embryo-sac of Angiosperms differs in many ways 
from that of Gymnosperms. In Gymnosperms it remains surrounded by a thick 
layer of the tissue of the nucellus till after fertilisation has taken place ; it is com- 
paratively small, and is surmounted by a strongly developed nuclear protuberance. 
In Angiosperms, on the other hand, the embryo-sac has grown considerably even 
before fertilisation ; it usually supplants the surrounding tissue of the nucellus so far 
that it remains enveloped by only a thin layer of it, or is even in actual contact with 
the inner surface of the inner integument, as in Orchidece (Fig. 397, VII). In such 
cases the tissue of the apex of the ovule often still remains entire (as in Aroideae), 
but frequently the apex of the cmbryo-sac bursts through it, and projects into the 
micropyle (as in Crocus and Labiat®), or even grows out beyond it as a long tube 
(e.g. San/alum). The middle and lower part of the sac also frequently extends con- 
siderably ; in many gamopetalous Dicotyledons it puts out vermiform appendages 
which penetrate into and destroy the tissue of the integument, as in Rhinanthus , 
Lathn/a, and some Labiatte. While this process of growth is proceeding, the proto- 
plasm which at first fills up the whole sac becomes full of vacuoles ; a large sap- 
cavity arises surrounded by a parietal mass of protoplasm, which accumulates 
especially in the apical prominence and at the bottom of the embryo-sac, while 


1 [According to Warming the integuments are developed in some cases from the dermatogen 
alone ; as in Orchis , Primula chinensis , Ceniradenia florihunda t Lydmachia verticil lata, Linnea perenne 
(Strasburger), and Begonia heracleifolia, among plants which have two integuments, and in Peperomia 
and Monotropa among those which have only one integument. This mode of development of the 
integuments is comparatively rare.] 
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threads, in which currents are visible, radiate to the walls from the protoplasm 
which envelopes the nucleus. 

[During the growth of the cmbryo-sac its nucleus divides, and the two new 
nuclei travel to the opposite ends of the sac t a large central vacuole being formed. 
Each of these nuclei divides into two, and each of these again into two, so that there 
are four nuclei at each end of the embryo-sac. One nucleus from each end now 
travels towards the centre of the sac, where they meet and coalesce to form the 
definitive nucleus of the embryo-sac ; these two nuclei may be termed the polar 
nuclei . Round the three nuclei at the two ends of the sac a process of free cell- 
formation now takes place, so that there are three cells at each end of the sac. 
The cells at its lower (chalazal) end soon become surrounded with cell-walls, and 
constitute the antipodal cells : the cells at its upper (micropylar) end remain naked, 
and constitute the egg-apparatus. Two of the cells of the egg-apparatus lie nearer 
the apex of the sac than the third ; they are somewhat elongated superiorly, and 
the nucleus lies in this elongated portion, the rounded inferior portion containing 
a large vacuofe : these cells have been termed by Strasburger the Synergidor. In 
many cases the elongated superior ends of these cells presents a longitudinal 
striation (as in Gladiolus , Crocus , Santalum , Zea, Polygonum , etc.), first observed by 
Schacht *, and termed by him die Filiform Apparatus. The third cell, which lies 
at rather a lower level than the otlier two, is the oosphcrc : it is more or less rounded 
in form, and its nucleus lies towards its lower end. All three are usually attached to 
the wall of the embryo-sac. It is important to note that the nuclei of the synergidae 
are sister-nuclei; the nucleus of the oosphcrc is the sister-nucleus of the polar 
nucleus which coalesces with the polar nucleus from the lower end to form the 
definitive nucleus of the embryo-sac. 

The following are some of the principal deviations from the series of pheno- 
mena which have been described above. Sometimes, as in Ornithogalum nutans, 
only one of the synergidse is present. It may be that this is due to the omission of 
one of the divisions of the nuclei at the apex of the embryo-sac ; but, inasmuch 
as two are generally to be found in preparations of early stages and only one in 
preparations of later stages of development, it is possible that two are primarily 
formed but that one soon undergoes absorption. In S inning ia, according to Stras- 
burger, only one synergida is present in some cases, and very rarely both are absent. 
In exceptional instances two oopheres have been found in the embryo-sac, in 
Sinningia by Strasburger, and in Gomphrena by Fischer. This peculiar abnormality 
appears to be the rule in Santalum album. Strasburger explains it by supposing 
either that one of the three nuclei of the egg-apparatus has undergone division, 
so that four cells arc formed instead of three, or that the upper polar nucleus 
becomes the nucleus of the second oosphcrc ; in the latter case, the definitive 
nucleus of the embryo-sac would be constituted by the lower polar nucleus alone. 
The antipodal cells are very imperfectly differentiated in the Orchids, and do not 
become clothed with cell-walls ; it is this fact, doubtless, which caused Hofmeistcr to 
assert that the antipodal cells are frequently wanting in Orchids. In some cases, 

1 Jahrb. fur wiss. Hot. I and IV. [Schacht states that in Santalutn album the two synergidse arc 
separated by a septum which is formed in the apical portion of the embryo-sac; this observation has 
been confirmed by Strasburger (Zelltheilung und Hefriichnmg).] 
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such as Alliotiia and Delphinium , they are very large and well-developed. In the 
Gramineae, Fischer has found that they divide and give rise to a considerable mass 
of cells, a fact which Strasburger has ascertained with regard to Ornifhogalum, 
though here it is exceptional. In some instances the two polar nuclei meet, not 
in the centre, but towards the upper end of the embryo-sac; in this case the 
upper nucleus is stationary, and the lower nucleus has to travel nearly the whole 
length of the embryo- sac. This occurs, according to Fischer, in Elodea and in 
many Gramineae, and apparently also in Allium fislulosum. The coalescence of the 
two polar nuclei usually takes place before fertilisation, but in Alisma and in Allium 
fislulosum it, docs not take place until the pollen-tube has reached the embryo-sac 
or even until fertilisation has been actually effected. 

As regards the fate and the function of these various cells which are formed in 
the cmbryo-sac, the oosphere is the one which undergoes fertilisation and developcs 
into the embryo, the others being transitory structures. The synergidae appear to 



I-K.. w).-~Funkux rord(tt<x , A apex of the embryo w e, covered with h layer, of cells bcIonfjinR to the nm ellus KK\ x one 
of the syner^tda , 0 the oosphere with its nucleus ; /», t' oospore before, D, L after the first division; F t lie spherical suspensor 
with the two-celled rudimentary embryo [\ 500). 


cause the disintegration and in some cases at least the absorption of that part of the 
wall of the embryo-sac with which they are in contact, and besides this, they have 
a further function in the process of fertilisation to which reference is made below. 
In some cases ( Crocus vernus , Torenia asiatica , Satt/alum album) their pointed ends 
become covered with a cap of a homogeneous substance which gives the reactions 
of cellulose: by this means they replace that part of the wall of the embryo-sac 
of which they have caused the absorption. After fertilisation the synergidae undergo 
absorption. In many cases the antipodal cells soon undergo absorption, but in 
some they persist, and may be seen at the base of the endosperm in the fertilised 
ovule. 

We will now proceed to discuss these phenomena from a morphological point 
of view. We have seen above that the cell which developcs into the embryo-sac is 
the equivalent of one of the mother-cells of the spores in the sporangium of a Vas- 
cular Cryptogam, and to this \ye may add that it is equivalent to one of the mother- 
cells of the pollen in the pollen-sac of the stamen. With this as the basis of their 
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reasoning Warming and Vesque consider that the processes of cell-formation which 
go on in the embryo-sac correspond to the formation of spores or pollen-grains 
from their mother-cell, the four nuclei at each end of the embryo-sac representing 
a tetrad of spores. In order that this view may be perfectly consistent it is obviously 
necessary to assume that the embryo-sac is formed by the fusion of two cells equiva- 
lent to spore-mother-cells, inasmuch as two tetrads of nuclei are formed within it, 
and further, that the cells which are formed round these nuclei are each of them 
equivalent to a spore. 

The view which is more generally held, and which is due to Strasburger, is that 
the cell which forms the embryo-sac is a spore- mother-cell which does not undergo 
any division into special spore-mother-cells, but which developes without dividing 
into a single spore, the embryo-sac. The processes of cell-formation which go on 
in the embryo-sac are not therefore to be compared to those which accompany the 
formation of spores or of pollen-grains from their mother-cell, but they are to be 
compared to those which accompany the germination of a spore or of a pollen- 
grain. The si"* cells which are formed in the embryo-sac, three at the chalazal and 
three at the micropvlar end, represent a rudimentary prothallium ; they are com- 
parable to the endosperm of Gymnosperms and to the prothallium in the macrospore 
of the heterosporous Vascular Cryptogams *. These cells, which wc may term 
primary endospenn-cclls , are, as we have seen, subsequently differentiated into the 
antipodal cells and the egg-apparalus ; thus three of them arc purely vegetative, 
whilst the other three arc concerned in the sexual reproduction of the plant, one 
of them becoming the oosphere and the other two the synergidee. In the Vascular 
Cryptogams we saw that the archegoniuin was developed from a single superficial 
cell of the prothallium ; in the Gymnosperms we saw that the archegoniuin was 
developed from a single superficial cell of the endosperm, that it was a less com- 
plex organ than in the Vascular Cryptogams, and that it had undergone a reduction, 
a condition which we found most evident in Welwii'schia in which the mature arche- 
goniurn consists of only a single cell ; in the Angiosperms this reduction is carried 
still further, the archegonium being represented only by the oosphere, which is one 
of the primary endosperm-cells. It was thought at one time that the Filiform 
Apparatus of Schacht represented the canal-cell of the archegonium which we have 
found to be present in the higher Cryptogams and in most Gymnosperms, but this 
cannot be the case inasmuch as this apparatus is, as stated above, simply the striated 
ends of the synergidae; still less can the synergida.* be canal-cells, for they are the 
product of a nuclear division and cell-formation in which the oosphere is not 
directly concerned; moreover their function is entirely peculiar. r Fhe completion 
of the prothallium takes place when what we may term the secondary endosperm 
is formed ; this is what is commonly termed the endosperm , and its formation in 
the embryo-sac does not commence until the fertilisation of the oosphere has been 
effected.] 

Fertilisation' 1 2 . The pollen-grains which germinate on the stigma send out 

1 [Allusion has already been made (on p. 48b) to Goebel's view that the antipodal cells of 
Angiosperms correspond to the * endosperm * of Selagiruila. ] 

a Besides the works of Ilofmeister already quoted, see his historical account in Flora, 1857, 
p, 125, where the literature is collected. [Also Strasburger, Ucb. Befruchtung und Zellthcilung. — 
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their tubes through the channel of the style where there is one, or more usually 
through the loose conducting tissue in its interior, down to the cavity of the ovary. 
Frequently both in erect basilar (Fig. 391) and in pendulous anatropous ovules the 
micropyle lies so close to the base of the style that the descending pollen-tube 
can enter it at once : but more often the pollen -tubes have to undergo further 
growth after their entrance into the cavity of the ovary before they reach the micro- 
pyles of the ovules; and they are then guided in the right direction by various 
contrivances. We frequently find papillose projections of the placentae or other 
parts of the wall of the ovary, to which the pollen -tubes attach themselves ; in our 
species of Euphorbia a tuft of hairs conducts them from the base of the style to 
the neighbouring micropyle ; in the Plumbagineae, the conducting tissue of the style 
forms a conical descending outgrowth, which conducts the pollen-tube into the 
micropyle ; and so forth. [The conducting tissue is also secretory, and it appears 
that, as Amici originally suggested (and this view has been recently confirmed by 
Dalmer), the pollen-tube obtains the materials necessary for its growth from the 
secretion.] 

[We have already seen that two cells (at least) are formed in the pollen -grain of 
Angiosperms, and that they are sometimes separated by a cellulose wall, but more 
commonly by an ectoplasmic layer ( hautschicht ) of protoplasm. The pollen-tube is 
formed from the larger of these two cells. It sometimes happens that the smaller 
(vegetative) cell of the pollen-grain is unaffected by the formation of the tube, but 
more commonly the layer separating the two cells is absorbed, and the two nuclei 
travel, together with protoplasm, into the growing tube, the nucleus of the larger 
cell frequently going first.] 

Since every ovule requires one pollen tube for its fertilisation, the number of 
tubes which enter the ovary depends, speaking generally, on the number of the ovules 
contained in it ; the number of pollen-tubes is however usually larger than that of the 
ovules; where these latter are very numerous, the number of pollen-tubes is therefore 
also very large, as in Orchideae, where they may be detected in the ovary even by the 
naked eye as a shining white silky bundle. 

The time that intervenes between pollination and the entrance of the pollen- 
tube into the micropyle depends not only on the length of the style, which is often 
very considerable (as in Zea and Crocus ), but also on the specific characters of the 
plants. Thus, according to Hofmeister, while the pollen-tubes of Crocus vernus 
only require from twenty-four to seventy-two hours to penetrate the style which is 
from 5 to 10 cm. in length, those of Arum maculatum take at least five days, although 
the distance they have to go over is scarcely more than 2 or 3 mm., and those of 
Orchideae require ten days or even several weeks or months, during which time the 
ovules first become developed in the ovary, or even are not formed till then. 

The pollen-tube is usually very slender and thin-walled as long as it is increasing 
quickly in length ; after entering the micropyle its wall generally thickens rapidly and 
often considerably, chiefly, as would seem, by swelling, so that its apical portion 
communicates with the rest of it by only a narrow channel, or is entirely cut off. 
Hofmeister compares it, in this condition, to a thermometer-tube (as e . g. in Lilium t 

Elfving, Jenaische Zeitschrift, 1879, and Quart. Journ Micr. Sci. XX, 1880. — Dalmer, Jen Zeitsch. 
1880.— Capus, Anat. du tissu conducteur, Ann. d. Sci. Nat. s^r. 6. t. VII.] 
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Cactus , and Malva) ; while sometimes the cavity of the tube becomes wider (as in 
(Enothera and Cucurbitaceae). Its contents consist of granular protoplasm, usually 
mixed with a number of starch-grains (the Fovilla). 

Within the micropyle the pollen-tube either comes immediately into contact with 
the naked apex of the embryo-sac, or, as in Watsonia and Sanlalum , with the pro- 
jecting striated ends of the synergida* ; but very commonly a portion of the tissue of 
the apex of the nucellus still remains through which it has to make its way to the 
embryo-sac. The wall of the embryo-sac is often weak at the apex, and is frequently 
indexed by the advancing end of the pollen-tube, or even perforated. 

[Strasburger has carefully studied 1 the process of fertilisation in Torenia asiatica, 
Gloxinia hybrida , various Orchids, Monotropa } and Pyrola. He finds that when the 
pollen-tube first conies into contact with the synergida? or with the embryo-sac, one 
or both of the nuclei can be distinguished in it near its apex. These very soon 
disappear, and its contents present a highly refractive, finely granular appearance. 
The appearance of one or both of the synergidse now begins to change ; its nucleus 
and its vacuole*' disappear, and its protoplasm becomes uniformly and highly granular, 
closely resembling in appearance the contents of the pollen-tube as described 
above; it loses its form, becoming irregular, and it is closely attached to the oosphere; 
portions of it may break off and fasten on to the oosphere here and there. The 
oosphere now becomes granular, and two nuclei can be detected in it; one of these is 
the nucleus of the oosphere (the female pronucleus), the substance of the other (male 
pronucleus) has doubtless been derived, through the syne rgi doe, from the pollen-tube. 
These two nuclei meet and coalesce, constituting the nucleus of the oospore ; this 
nucleus is often seen to contain two nucleoli, the nucleoli of the male and female 
pronuclci, which coalesce somewhat later : the oosphere now surrounds itself with a 
cellulose wall, and with this its conversion into the oospore is complete.] 

The further results of this process can usually be observed after a short time in 
the behaviour of the nucleus of the embryo-sac and of that of the oospore. It 
frequently however occurs that a considerable time elapses after the entrance of the 
pollen-tube before the commencement of the development which is induced by it ; 
several days or even weeks in many woody plants, as Ulmus , Quercus, Fagus, Jug Ians, 
Citrus , jfJsculus, Acer , Cornt/s, Robinia, Nc.; almost a year in the American Oaks, the 
seeds of which take two years to ripen ; in Colchicum auturnnalc the pollen-tube enters 
the embryo-sac at the latest at the beginning of November, but it is not till May in the 
next year that the formation of the embryo begins. (Hofmeister.) 

Even the advance of the pollen-tube through the conducting tissue of the style 
and into the cavity of the ovary often causes extensive changes in the flower ; if the 
perianth is delicate it usually loses at this time its freshness, fades, and afterwards 
entirely fills off ; among Liliacea; it is common for the ovary to commence growing 
actively even before the fertilisation of the ovules (Hofmeister); in Orchideae not 
only is the active growth of the ovary, which often lasts for a considerable time, 
occasioned by pollination, but the ovules themselves are by it rendered capable of 
fertilisation ; in some cases even their production is thus induced from the placenta 
which would otherwise remain sterile. (Hildebrand : see also Book III on the 
Sexual Process.) 

1 [Befruchtung und Zellthcilung, 1878, p. 52.] 
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Results of Fertilisalion in the Embryo- sac ; Formation of the Endosperm 1 and 
Embryo . [The first result of fertilisation seen in the embryo-sac is the division of its 
nucleus. The action of the pollen-tube on the oosphere is apparent about the 
same time : the oospore increases in size, elongating in the direction of the long axis 
of the nucellus. The formation of the endosperm very commonly begins before the 
division of the oospore, at the latest during the formation of the suspensor. The two 
nuclei which are formed by the division of the nucleus of the embryo-sac divide again, 
and this process is repeated until a numl>er of nuclei are formed, lying in the proto- 
plasm which lines the wall of the embryo-sac, the number of nuclei becoming greater 
as the embryo-sac increases in size. When the embryo-sac has ceased to grow the 
protoplasm becomes aggregated around the nuclei, and the area of protoplasm sur- 
rounding each nucleus is marked out by an ectoplasmic layer, and in this layer a 
cellulose membrane is formed which is attached exLcmally to the wall of the embryo- 
sac, and is free at its inner margin ; thus the cells are separated from each other. 
The cells now increase in size, become vacuolated, and a cellulose wall is formed 
on their internal surfaces. These processes of cell-formation begin usually at the 
chalazal end of the embryo-sac and gradually extend to the micropylar. 



I'lc,. 4<n>. — J'tolii t uolor ; ,t longitudinal 6 e<'ti*m through the .jtititn>p<nis mule after fertilisation,// the plat entu, v< cushion 
011 the taphe, n outer, i inner integument, / the pollen tube whu h has mterid the nuetopylc, e the embryo-sat. coin. lining the 
embryo {to the left) ami a iiumbei of young endosperm- cells ; Ji and C the apices, of two embryo -sacs t with the embryo tb 
attached to it ; the suspensor m />’ is two-eclleil. 


In many cases the development of endosperm does not proceed beyond this 
point, for the growing oospore comes into contact with the parietal layer of cells and 
prevents any further cell-multiplication : in other cases the cells of the parietal layer 
multiply by division, and thus fill up the embryo-sac.] If the sac increases greatly in 
size, as, for instance, in Ricinus and in the large-seeded Papilionacete, the filling up 
with endosperm does not take place till later, and the centre of the sac is filled in the 
unripe seed with a clear vacuole-fluid. In the embryo-sac of the Cocoa-nut, which 
grows to an enormous size, this fluid — the cocoa-nut-milk— remains until the seed is 
fully ripe, the tissue of the endosperm forming a layer only some millimetres in 
thickness, which lines the inside of the testa. The very narrow elongated embryo- 
sacs of plants with small seeds, as Pisiia and Arum, are filled up by a single 
longitudinal row of endosperm cells. In a large number of dicotyledonous plants (as 
Loranthaceae, Orobancheoc, Labiatae, Campanulaceae, &c.), with long narrow tubular 

1 [Hofmeister, Nt ue Ucitrage, Abhand. d. k. sachs. Ges. d. Wiss, VI.— Strasburger, Befruchtung 
und Zelltheilung ; id. Zellbildung und Zelltheilung, 3rd ed.; id. Angiospermen uml Gymnospermen. 
— Hegelmaier, Yergl. Unters. ueb. Entwick. dikotyledoner Keime, 1878; id. Zur Embryogcnie und 
Endospermentwickelung von Lupinua , Bot. Zcitg. 1880. — Darapsky, Der Embiyosackkern und das 
Endosperm, Bot. Zeitg. 1879.] 
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embryo-sacs, the space of the embryo-sac is first of all divided by two transverse 
septa, further transverse divisions succeeding in all or some of the cells thus formed, 
followed by longitudinal ones ; the tissue of the endosperm is thus formed, and in this 
case often fills up only certain parts of the embryo-sac ; or the sac is divided by a 
septum into two daughter-cells, the upper of which contains the rudimentary embryo, 
and produces endosperm in small quantities by free cell-formation (e.g. Nymphcea, 
Nuphar , Ccratophyllum , Anthurium *). In a few families only the formation of endo- 
sperm is rudimentary, and limited to the temporary appearance of a few free cells or 
nuclei, as in Tropccolum \ Trapa, Naiadese, Alismaceae, Potamogetonese, Orchidea* ; 
in Catma even this rudimentary production of endosperm appears to be suppressed. 

During the first formation of the endosperm, the embryo-sac usually increases in 
size, and thus displaces the tissue of the nucellus which still to a certain extent 
surrounds it ; only in a few cases is the nucellus still partially or entirely preserved ; 
it becomes filled with food-materials, like the endosperm, and replaces this latter 
as a reservoir of reserve-materials for the embryo. In most of the Scitaminese 
(< e.g . Canna ), tMis tissue, the Peri sperm, is very strongly developed, while the endosperm 
is altogether wanting ; in the Pipcraceoe and in many of the Nymphseaccac there is a 
small endosperm in the ripe seed, lying in a hollow of the much larger perisperm. 



. S the cavity cif the < vll. A’, A' 
pintoplasiu pr. 


While the endosperm surrounded by the embryo-sac increases in size, the Testa 
is formed from the development of the integuments which accompanies that of the 
endosperm ; but in Crtnum capetise and some other Amaryllideae the growing endo- 
sperm is stated by Hofmeister to burst the testa and even the wall of the ovary ; its 
cells produce chlorophyll, and the tissue remains succulent and forms intercellular 
spaces (which docs not occur in other cases). In R if in us a similar growth takes 
place when the ripe seed germinates in moist earth, bursting the testa (according to 
von Mold); and the endosperm, previously ovoid and from 8 to io mm. long, is 
transformed into a flat broad sac 20 to 25 mm. in length, which surrounds the 
growing cotyledons until they have absorbed all the food materials from it. 

In Monocotyledons and many Dicotyledons the embryo remains small and is 
either enveloped by the endosperm or lies by its side (as in Grasses) ; the cells of 
the endosperm, which are in close contact without intercellular spaces, become filled, 
until the seed is ripe, with a protoplasmic substance and fatty matter or starch or 
both, in which case they remain thin-walled ; it then appears as the mealy (full of 
starch) or fatty portion of the ripe seed, the embryo being found by its side or 
within it; but it is often horny in consequence of a considerable thickening of 
its cell-walls which have the power of swelling (e.g. the Date and other Palms, 
Umbelliferae, Coffea , &c.) If this thickening has taken place to a very great extent, 


1 For further details on this point see the account of the Dicotyledons. 
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the endosperm may fill up the testa as a hard mass, forming, for instance, the 
* vegetable ivory ' in the Phytelephas. In these cases the thickened walls of the 
endosperm-cells, which are absorbed during germination together with their proto- 
plasmic and fatty contents, serve for the first nourishment of the embryo. The 
ripe endosperm, when copiously developed, has usually the form of the entire 
ripe seed, being uniformly covered by its testa ; its external form is therefore 
generally simple, often round ; although considerable deviations from this frequently 
occur, especially among Dicotyledons. Thus, for instance, the substance known as 
the ‘ coffee-berry ’ consists, with the exception of the minute embryo which is con- 
cealed in it, entirely of the horny endosperm ; but this, as a transverse section shows, 
is a plate folded inwards at its margins. The marbled (ruminated) endosperm which 
forms the nutmeg (the seed of Myristica fragratis) and the areca-nut (the seed 
of the Areca-palm) owes its appearance to the circumstance that an inner dark 
layer of the testa grows in the form of radiating lamellae between narrow fold- 
like protuberances of the light-coloured endosperm. The ripe endosperm is either 
a perfectly solid mass of tissue, or it possesses an inner cavity, as in Slrychnos 
Nux-vomicvty where, like the seed itself, it is broad and fiat. This is clearly the 
result of the endosperm which grows inwards from the periphery of the embryo-sac, 
leaving a free central space, which, as has already been mentioned, is very large 
and filled with fluid in the case of the cocoa-nut. In these cases the endosperm 
is therefore a hollow thick-wallcd sac, enclosing a roundish or flattened cavity. 

In a large number of families of Dicotyledons, the first leaves of the embryo, 
the Cotyledons , grow, before the seeds are ripe, to so considerable a size that they 
displace the endosperm which was previously present, and finally fill up the whole 
space enclosed by the embryo-sac and the testa ; while the axial part of the embryo, 
and the bud (plumule) that lies between the bases of the cotyledons, attain even 
in these cases only inconsiderable dimensions. In these thick fleshy or foliaccous 
cotyledons (which are then usually folded) the reserve of food-material accumulates, 
consisting of protoplasmic substance, of starch and fatty matter, which is in other 
cases stored up in the endosperm, and is made use of during the development 
of the seedling. This storing of the cotyledons with so large a quantity of 
food-materials appears to take place by its transference from the endosperm ; and 
hence the difference between those seeds which in the ripe condition contain no 
endosperm [‘ exalbuminous ’] and those which do contain it albuminous r | con- 
sists essentially only in the fact that the food-material of the endosperm has passed 
over in the former case before germination into the embryo ; while in the latter case 
this only takes place during the process of germination. The presence or absence 
of the endosperm in ripe seeds is more or less constant within large groups of 
forms, and is therefore of value in classification. Of the better-known families, for 
example, the Composite, Cucurbitaceae, Papilionacese, Cupuliferae (the Oak and 
Beech), &c. are destitute of endosperm. Sometimes also the embryo increases in 
size to such an extent that the endosperm appears as a thin skin surrounding it. 

We must now recur to the oospore in order to follow the formation of the 
Embryo . The cell-wall of the oospore coalesces superiorly with the wall of the 
embryo-sac at its apical swelling, its free end being turned towards the base of 
the ovule; it then lengthens, and undergoes one or more transverse divisions. 
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[A row of cells is thus formed, from the lowermost of which, usually a spheroidal 
cell which we may term the embryo-cell, the greater part of the embryo is in most 
cases formed; but in many cases (in many Papaveracese and Caryophyllacese, in 
Asclepias, Cuscula , Nicotiana, Viola , and others, amongst Dicotyledons, and com- 
monly among Monocotyledons) the two end cells of the row form the chief part 
of the embryo. Hanstein considered that the presence of two embryo-cells was 
characteristic cff Monocotyledons, but Hegelmaier has found that a single embryo- 
cell occurs in this group ( e.g . Ortiithogalum naians), and that two embryo-cclls 
frequently occur in Dicotyledons, as mentioned above. The upper cells of the 
row form the Suspensor. In some cases (Glaucium) the cells of the suspensor 
undergo longitudinal divisions, and it consists consequently of several rows of cells. 
Usually the lowest cell of the suspensor, the hypophysis , contributes to the forma- 
tion of the embryo. In the Gramineaj the cells of the suspensor divide and form 
a multicellular appendage at the radicular end of the embryo ( Kcimanhang , Han- 
stein) ; when t^ie primary root begins to elongate this mass of cells is split off and 
it forms a sort of sheath (coleorhiza) to the young root.] The suspensor usually 
remains short (Fig. 400) ; sometimes, as in Funkia, its basal cell swells up into a 
globular form (Fig. 399) ; in other cases (as, according to Hofmeister, in Loran/hus) 
the oospore lengthens before division, and penetrates to the considerably enlarged 
base of the long tubular embryo-sac. In those Dicotyledons where the endosperm 
is formed only at certain lower parts of the embryo-sac by division, a similar elon- 
gation of the oospore is usual, although not to so great an extent (e.g. Pedicularis , 
Caialpa , Labiate). In the embryo-cell a longitudinal or only slightly oblique 
division-wall first of all makes its appearance, indicating the commencement of the 
formation of the embryo (see also Fig. 15, p. 18). As this is followed by rapidly 
repeated divisions, a spherical or ovoid mass of small-celled tissue is produced, from 
which the first foliar structures, the cotyledons, subsequently arise, while the rudi- 
ment of the first root may be observed in the differentiation of the tissue at the 
boundary-line of the suspensor and embryo. The first cells of the embryo are 
not unfrequently disposed as if they had resulted from oblique divisions of an 
apical cell in two or three directions (Fig. 400 C)> a supposition which is com- 
pletely supported by the oblique position of the first septum in the embryo-cell; 
in Rheum I also found the apex of young embryos to present an appearance which 
suggested the existence of a three-faced apical cell. According to Hanstein’s new 
and prolonged researches, the process is, nevertheless, different ; he asserts that the 
first longitudinal wall, even when it stands obliquely to the last transverse wall, is 
still in the median plane of the body of the embryo which is being formed, and 
is frequently at right angles to the last transverse wall, and therefore in the axis 
of growth of the suspensor k The formation of this median longitudinal wall in 

1 The description in the text is taken from Hanstein’s preliminary publications (Monatsberichte 
der niederrhein. Gcsellsch. fiir Natur- und Heilkunde, July 15 and August 2, 1869), as well as from 
more detailed communications in letters. Professor Hanstein has also had the kindness to allow me 
the sight of a number of drawings ; and, with his permission, the figs. 402-405 are copied from 
them. I have also had the opportunity, in the summer of 1869, of seeing preparations of Hanstein’s 
similar to Fig. 403. Compaie also Hanstein, Botanische Abhandlungen, Heft I, for a more detailed 
description of the development of the embryo in Monocotyledons and Dicotyledons. [See also 
Quart. Joum. Micr. Soc. 1873, p. 51. The following are some of the more important contributions 
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the embryo-cell completely excludes the possibility of a bi- or piuri-seriate seg- 
mentation of the apical cell. We learn from Hanstein that the mode of formation 
of the embryo of Monocotyledons may be seen remarkably clearly in Alisma . In 
Fig, 402, //, are shown, above the suspensor v> two other cells a (a is formed 
by the division of the cell v in I) and c lying one over the other, the last of which 
is already divided by a longitudinal and a transverse wall into four cells arranged 
like quadrants of a sphere. A comparison of the stages //— V shows that the 
further develop ment advances first of all in a basipetal direction. A cell w or h , 
the result of intercalary division, which arises at the end of the suspensor next to 
the embryo a c already formed, is especially to be noted. It is from this that the 
root is subsequently developed. Hanstein calls it and the tissue which proceeds 
from it the hypophysis 1 . Before the body of the embryo undergoes any external 




differentiation, its tissue differentiates into a single peripheral layer (shaded in the 
drawing), and a tissue internal to this ; the former is the primary epidermis or 

to the recent literature of the subject: Fleischer, Beitr. zur Embryologie der Monokotylcn und 
Dicotylcn, Floia, 1874. — Hegelmaier, Zur Entwick. monokotyledoner Keirne, Bot. Zeit. 1874; id. 
Vergl. Untersuch. ub. Entwick. dikotyledoner Keime, mit Beriickslchtigung der pseudo-monokotylen, 
Stuttgart, 1878.— Sulms-Laubach, Ueb. monocotyle Embryonen mit Scheitelbiirtigcm Vegetations* 
punkt, Bot. Zeitg. 1878. — Treub, Sur Pembryogenie de ijuclques Orchidecs, Amsterdam, 1879. — 
Westermaier, Die ersten Zelltheilungen im Embryo von Capsella Bursa pastoris , Flora, 1876. — 
Famintzin, Embryologischc Studien, Mem. de FA cad. Imp. de St. Petcrsbourg, ser. 7, t. XXVI, 

[According to Famintzin, the cell to or h is derived, not from the suspensor, but from the 
division of the cell a : this being the case, it is the cell a which must be regarded as the hypophysis. 
If this is so, the hypophysis, in Alisma , contributes more largely to the formation of the embryo 
than in other instances. Possibly this explanation may be applied to all cases in which two 
embryo* cells are said to be present.] 
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dermatogen, which continues to grow only in extent and divides only in a radial 
direction ; the figures 1 V — VI show that the dermatogen is marked off from the 
primary cells of the embryo by tangential divisions proceeding towards the base. 
The inner mass of tissue soon undergoes further differentiation ; an axial string of 
tissue is produced by divisions, especially longitudinal, forming the plerome or tissue 
which subsequently produces the fibro-vascular bundles ; the primary meristcm lying 
between the plerome and the dermatogen, and which undergoes copious transverse 
divisions, is the periblem, u e. the primary cortical tissue. At the same time that 
this differentiation of tissue is first indicated in the upper part a c of the embryo, 
it begins also in the hypophysis h. The lower layer of the hypophysis takes no 
part in the formation of the dermatogen, while from its upper layer (in VI) is 
formed a prolongation of the dermatogen anti of the periblem of the body of the 
embryo, from which, as will be explained further on, the root is developed as a 
posterior appendage of the embryo. Hanstein designates the apical part c of the 
embryo the cotyledon, at the base of which b the apex of the stem is afterwards 
formed laterally : the cotyledon is apparently developed from the cells c in II, the 
apex of the stem and its hypocotyleuonary portion (hypocotyl) together with the 
upper part of the primary root from the cell a in IL But if this apical part is 
really the cotyledon, which seems to me to be not yet sufficiently established, the 
cotyledon cannot possibly be a foliar structure (phyllome), even if (as in Allium ) 
it subsequently assumes altogether the appearance of a foliage-leaf. 

The different stages in the development of the embryo from the oospore are 
much more clearly seen in Dicotyledons than in Monocotyledons, the Grasses in 
particular among the latter presenting difficulties. Hanstein has singled out Capsella 
Bursa-pastoris for detailed description. Fig. 403 shows first of all that the mass 
of the embryo is developed from the spherical apical cell of the suspensor v , and 
in what manner this takes place; here also a cell h of the suspensor forms the 
hypophysis which contributes to the formation of the primary root (radicle). The 
spherical primary embryo-cell divides first by a longitudinal wall 1 — 1 (in I — 1 V)\ 
[each of the two cells thus formed is then divided into two by a longitudinal wall at 
right angles to the first, so that the embryo now consists of four cells which are 
quadrants of a sphere ;] this is followed in each of the quadrants by a transverse 
division 2 — 2, so that the body of the embryo now consists of eight cells (octants 
of a sphere), each of which next undergoes a tangential division, by which eight 
outer cells are formed as the rudiment of the dermatogen, and eight inner central 
cells (//). While the first only multiply by radial divisions, the inner mass of tissue 
grows in all directions, resulting at an early period in its differentiation into plerome 
{III, IV, V ] shaded in the drawing) and periblem. The mass of tissue which is 
produced from the primary embryo-cell thus increases rapidly by the multiplication 
of its cells, and two large protuberances ( V, c c ), the first leaves or cotyledons, soon 
make their appearance one on each side of the apex (s); the apex of the stem 
exists for the present only as the end of the longitudinal axis of the embryo ; an 
elevated mass of tissue, the vegetative cone of the stem, is not formed till later, deeply 
enclosed between the cotyledons. The posterior or basal end of the axis of the 
embryo after the differentiation of its primary meristem into dermatogen, periblem, 
and plerome (II, III , IV), is, so to speak, open, as long as this differentiation 
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has not also taken place in the hypophysis ( h)\ but finally it takes place in it 
also and in such a way (as is shown in Fig. 403, V) that the upper of its two 
cells breaks up into two layers (h'\ the outer of which becomes continuous with 
the dermatogen of the axis, while the inner layer forms a prolongation of the 
internal axial tissue. The lower cell of the hypophysis (k) divides cross-wise 
( V 6 , seen from below) and may be regarded as a transitional structure between 
suspensor and root (appendage of the root) or as the first layer of the root-cap. 
The root-cap is formed in this case simply by a luxuriant growth of the dermatogen. 
The dermatogen, which elsewhere remains simple, and passes over into permanent 



Fir., 401 — Development of the embryo of C a fuel la Rursa-fiastorts (after Haustein) ; /— I'l various stages of 
development, V b apex of the root seen from below ; i, i, 3, a, the first divisions of the embryo-cell, h h the hypophysis, 
v the suspensor, c the cotyledons, s apex of the axis, w root (the derm.it ogen and plcrome are shaded). 


tissue in forming the epidermis, increases in thickness, on the contrary, where it 
covers the punctum vegeiationis of the root, and undergoes repeated periclinal divi- 
sions (parallel to the surface). Of the two layers which are successively formed 
on each of these occasions, the outer becomes a layer of the root-cap (Fig. 404 
wh , and Fig. 405, 2) ; the inner remains as dermatogen and again undergoes the 
same process. This dermatogen which covers the vegetative cone of the root 
behaves therefore like a layer of phellogen, with this difference, that the cells 
produced from cork-cambium become at once permanent cells, while those of 
the root* cap remain still capable of division ; so that each layer split off as it 
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were from the dermatogen forms a cap consisting of several layers of ceils, its 
growth being most active in the centre, and diminishing towards the periphery. 
The splitting of the dermatogen into two lamellae usually progresses from the 
centre towards the periphery of the apex of the root ; in the secondary roots of 
Trapa , Hanstein and Reinke stale that the reverse, is the case 1 . 

Lateral roots not unfrequently arise in the embryo even before the ripening of 
the seed, in addition to the primary root which we have hitherto alone considered ; 
as, for instance, in many Grasses and some Dicotyledons (e. g. Impatiens , according 
to Hanstein and Reinke, Cucurhila from my own observations). In Trapa natans 
the primary root soon becomes abortive, lateral roots arising at an early period from 
the hypocotyledonary portion of the axis. 

Hanstein and Reinke state that the lateral roots of Angiosperms have their 
origin in the pcricambium, in Nageli’s sense of the term*. Their development was 



MC. 404. — ammatic; representation of tli 
formation of the primary loot In Monocotyledons 
its cunnrction with the stem (after Hanstein); r- 
peftsor, h hypophysis, tv tv line uf separation of the 1 »t 
eni, Tvh layer of the root 'tap. d <’ 
pf> perihleni, pi plerome. 



1M<.. 405 — Dia^rnnimatU representation of the 
same m the case of Dicotyledons (after Hanstein); 
i,2, the first layers of the root-cap, / pcriblem, d derma 
tojfcn,// pie 


found in several plants to harmonise with this. In Trapa natans , for example, it is 
as follows A group of cells of the pcricambium, which consists of only one layer, 
divides radially; the newly-formed cells elongate in the same direction, and then 
divide tangentially ; the outer of the two layers produces the dermatogen, the inner 
the body of the root. The dermatogen, pushed outwards by the development of the 
body of the root, produces the root-cap in the way already mentioned ; the tissue of 
the body of the root itself which is covered by it becomes differentiated into plerome 
and periblem. The same process takes place in Pistia , and probably also in 
Grasses. Hanstein and Reinke do not find ‘anywhere an apical cell which ori- 
ginates the growth, as in Cryptogams, but a group of cells which obey a common 
law of growth.’ 

The variation in the size of the embryo in the ripe seed of Angiosperms has 

1 [See the account of the apical growths of roots and of the development of lateral roots which 
is given in the Appendix.] 

* Compare what was said on Fig. 125, p. 167. 
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already been mentioned when speaking of the endosperm. The external differ- 
entiation sometimes goes no further than the rudiment of the root (radicle) at the 
posterior end of the stem of the embryo, and the cotyledons ( e.g . in Cucurbita , 
Helianthus , Allium Cepa , &c.), between which lies the naked punclum vegctationis. 
But frequently this latter undergoes further growth before the seed is ripe, and 
produces additional foliar structures (as in Grasses, Phaseolus , Faba, Quercus , Arnyg - 
dalus, &c.), which are then included, in the ordinary nomenclature, under the term 
Plumule , but do not unfold until the germination of the seed. The systems of 
tissue arc usually sufficiently clearly differentiated as such at the period of maturity 
of the seed; but the different forms of permanent tissue do not become developed 
till later, during germination. A striking exception to this advanced development 
of the young plant within the ripening seed is afforded by parasites and saprophytes 
destitute of chlorophyll, but especially by Orchidese. In them the embryo remains 
until the seed is ripe as a small round body consisting sometimes of only a few 
cells, without any external differentiation into stem, leaves, and root; this takes 
place only after germination, and even then sometimes quite imperfectly. 

Polyembryony and Parthenogenesis'. In a few cases polyembryony, that is the 
presence of more than one embryo in a single seed, has been found to occur in 
Angiospcrms, but it is brought about in a way which is very different from that 
in which, as we have seen, it is caused in Gymnosperms. It was thought by 
Ilofmeister that, in the cases which he investigated ( Ftinkia carulea , Scabiosa, 
Citrus ), a number of oospheres were formed in the parietal protoplasm of the embryo- 
sac, and that these were fertilised, but that of the large number of rudimentary 
embryos thus formed, which is very considerable especially in Citrus , only a few 
become fully developed. [This subject has been carefully investigated by Stras- 
burger, and he has found that these embryos are not formed from oospheres, but 
are developed as outgrowths from the cells of the nucellus which bound the embryo- 
sac. In some cases ( Funkia , Nolhoscordum frag runs, Citrus) it appeared as if this 
adventitious development of embryos were dependent upon the fertilisation of the 
oosphere ; a development of an embryo from the oospore, in addition to the ad- 
ventitious development of embryos from the nucellus, was only observed in Citrus . 

Cadibogyne ilicifolia has long been known as a plant with polycmbryonic seeds, 
and it has been observed that these fertile seeds are produced without pollination 
of the female flower. It was concluded that this plant was an instance of partheno- 
genesis, that is, of the development of an embryo from an unfertilised oosphere. 
Strasburger has found that its numerous embryos are developed adventitiously in the 
manner described above: it is therefore not parthenogenctic. ] 

Development of the Seed and Fruit . While the endosperm and embryo are 
becoming perfectly formed in the embryo-sac, growth proceeds not only in the 
ovule but also in the wall of the ovary that encloses it. Since the testa is formed 


1 [Ilofmeister, Die Lehre von dcr Pflanzenzelle, 1867, p. 114. — Ilraun, Ueber Parthenogenesis 
bei Pflanzen, Berlin 1857; id., Ueber Polyembryonie und Keimung von Ccelebogyne , Berlin i860. — 
Braun und Ilaustcin, Die Parthenogenesis dcr Ccelebogyne ilicifolia, \n Hanstein’s Botanische Abhand- 
lungen, III, 1877. — Strasburger, Ueber Befruchtung und Zelllheilung, 1878. See also the section on 
Parthenogenesis in Book III.] 

Q (1 
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at the expense of the whole or part of the cellular layers of the ovular integuments \ 
and presents extreme diversities in its structure, the ovule, together with its contents 
which have resulted from fertilisation, becomes the Seed. The wall of the ovary, 
the placenta.*, and the dissepiments, not only increase in dimensions, but undergo 
the most various changes of external form and still more of internal structure. 
Together with the seeds they constitute the Fruit. The transformed wall of the 
ovary now takes the name of Pericarp ; if an outer epidermal layer is specially 
differentiated it is called the Epicarp y and the inner portion the Endocarp ; while a 
third layer, the Mesocarp , frequently lies between these two. A number of typical 
kinds of fruit are distinguished according to the original form of the ovary and the 
structure of its tissue when ripe, the nomenclature of which wall be given in the 
sequel. But sometimes the long series of deep-seated changes induced by fertilisa- 
tion extends also to parts which do not belong to the ovary, and even to some 
which have never belonged to the flower. But as they are part of the fruit from 
a physiological point of view, and are usually associated with it as a whole, while 
sharply differentiated from the rest of the plant, a structure of this kind (such as 
the Fig, Strawberry, and Mulberry) may be termed a J’seudocarp. 

At a certain period either the fruit together with its seeds becomes detached 
from the rest of the plant, or the seeds alone separate from the dehiscent fruit; and 
this is the period of maturity. In many species the whole plant dies down when the 
fruit is ripe, and a plant of this description is termed monocarpic (hearing fruit only 
once). Monocarpic plants may be distinguished into those which fructify in the 
first period of vegetation ( annual plants), those which do not till the second year 
(i biennial plants), and finally not till after several or a large number of periods of 
vegetation (monocarpic perennial plants, as Agave awcricana). Most Angiosperms 
are however ptdycarpii : i. e. the vital power of the individual is not exhausted by the 
ripening of the fruit ; the plant continues to grow and periodically fructifies afresh, 
or is polycarpic and perennial. 

i. T be Inflorescence 1 . It is comparatively rare for the flowers of Angiosperms to 
arise singly at the summit of the primary shoot or in the axils of the leaves; peculiarly 
developed branch-systems are much more commonly produced at the end of the 
primary shoot or in the axils of its lbliage-leaves, which usually bear a considerable 
number of flowers and are distinguished by their collective form from the rest of the 
vegetative body ; in polycarpic plants these may even be thrown oiF after the ripening 
of the fruit. Such a s>stem of branching is termed an Inflorescence. The habit of the 
inflorescence does not depend merely on the number, form, and size of the flowers which 
it bears, but also on the length and thickness of the branches of different orders, as w'ell 
as on the degree of development of the leaves from the axils of which the branches 
spring. These leaves are generally much simpler in form and smaller than the foliage- 


1 [From the very extensive re cent literature on the structure and development of the seed-coats 
the following may be cited : Lohde, Ueb. d. Fnlvvickelungsgeschichtc imd den Bau einiger Samen* 
schalen, Schenk’s Mittheilungcn, II, 1875.— Sunpolou.dd, Beitr. 2. Remit, des Banes der Samenschalc, 
Lcipsig, 1874. — Hegclrnaier, Ueb. Bau und Entvvickclung einiger Cuticulargebilde, Jahrb. f. wiss. 
Bot. IX. 1874.— Chalin, Le dev. dc l'ovulc et de la giaiue, Ann. dc Sci. Nat. ser. 5, t. XIX, 1874. — 
von Hbhnel, Morphol. Unters. iib. die Samcnschalcn der Cucurbitaceen, Sitzber. d. Wien. Akad. 
LXXIJI, 1876. — Habcrlandt, Kntwick. und Hau der Samenschalc von Phaseolm, ibid. LXXV, 1877.] 
a [See also Eichlcr, Blulhcndiagrammr, I, and Asa Gray, Structural Botany, 1880.] 
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leaves; frequently coloured (/. c. not green) or altogether colourless. They are dis- 
tinguished as Hypsophyllary Leaves or Bracts; and in this term are frequently included 
the small leaves which spring lrom the pedicels and which often have no axillary shoots 
( Bracteoles ). Leaves of this kind are sometimes entirely absent from the inflorescence 
or from certain parts of it ; the ultimate floral axes or pedicels of the flowers are then 
not axillary, as in Aroidex, Cruciferac, &c. 

A large number of different forms of inflorescence may arise by the combination 
in different ways of the determining characters already mentioned. Kach form is 
constant in the same species, and is often characteristic of a whole genus or family ; 
hence the form of the inflorescence often not only determines the habit of the plant, 
but is a!sd of value to its systematic classification. 

The most convenient basis for the classification of the forms of inflorescence is the 
mode of branching. This is less variable than the other features, and can be referred 
to a few types ; it also affords distinctive characters for the principal groups, which 
might then be further sub-divided according to the length and thickness of the separate 
axes and other points. 

With reference to the mode of branching, the first point to observe is that every 
inflorescence originates from the normal terminal branching of a growing axis; the 
mode of branching is always monopodial in Angiosperms with the exception of the cases 
mentioned under Division 14 ; i.e. the branches arise laterally beneath the apex of 
the growing mother-shoot. If the leaves on this shoot (the bracts) are conspicuously 
developed, the lateral axes arise in their axils; if they are inconspicuous or abortive, the 
lateral axes of the inflorescence are not indeed axillary, but their mode of branching and 
growth remain the same as if the bracts were present ; and it is usual, in framing the 
divisions, not to lay great stress on this circumstance (see p. 176). But the presence of 
bracts is of great practical value, since it assists in the recognition of the true mode of 
branching even in the mature inflorescence, inasmuch as the axillary shoot is always 
lateral. When the bracts are absent it is often difficult to distinguish a lateral 
from a primary axis, since the former often grows as vigorously as the latter, or even 
more so. In Section 24 of the chapter on General Morphology (p. 169 et seq.) the 
principles have been laid down according to which the various systems of branching 
may be generally classified ; these will serve also in every respect for inflorescences, 
and form the basis of the characters of the larger groups in the following classifica- 
tion. Of the great number of separate forms of inflorescence only the more common 
ones, a nomenclature for which is already provided in systematic botany, will be 
enumerated L 

A. Racemose (monopodial). Centripetal, or Indefinite Inflorescences, in the 

widest sense of the terms, result from the primary axis or rachis of the branching system 
producing a larger or smaller number of lateral shoots in acropetal succession; the 
capacity for development of each lateral shoot being smaller, or at least not greater, 
than that of the portion of the primary axis which lies above it. 

a , Spicate Inflorescences arise when the lateral axes of the first order do not branch 
and are all floral axes ; the rachis terminates with or without a flower. 

(a) Spicate Inflorescences with elongated rachis: — 

1. The Spite; Flowers sessile ; rachis slender (as in some Grasses). 

2. The Spadix; Flowers sessile ; rachis thick and fleshy, usually enveloped 

in a large spathe ; bracts generally undeveloped (Aroidex). 

3. The Raceme; Flowers distinctly stalked (e.g. Cruciferae, without bracts ; 

Berberisy Menyanthes , Campanula , rachis terminating in a flower). 


1 Compare the dissimilar descriptions in Ascherson’s Flora of the Province Brandenburg, 
Berlin, 1864, and in Ilofmeister’s Allgemeinc Morphologic, § 7. 

Q q 2 
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(ft) Spicate inflorescences with abbreviated rachis : — 

4. The Capitulum : Rachis conical or tubular, or even hollowed out like a 

cup; flowers sessile; bracts frequently absent (Composita*, Dipsa- 
caccsr). 

5. The Simple Umbel : Flowers stalked and springing from a very short 

rachis (e.g. the Ivy). 

b, Panicled Inflorescences arise when the lateral axes of the first order again branch 
and produce axes of the second and higher orders ; every axis or only those 
of the last order may terminate in a flower ; the capacity for development 
usually decreases from below upwards both on the lateral and on the pri- 
mary axis. 

(a) Panicled Inflorescences with elongated axes: — 

6. The true Panicle : Axes and pedicels elongated (1 Crambe , Grape-vine). 

7. The Compound Panicle made up of Spikes ; The elongated lateral axes 

bear sessile flowers ( Veratrum , Spiraea Aruncus , the ‘ ears ’ of Wheat, 
Rye, &c.). 

(ft) Panicled Inflorescences with abbreviated axes: — 

8. Compact spike-like Panicle: The very short lateral axes are arranged 

* , on an elongated primary rachis (the * ears’ of Barley, Alopecurus , 

&c.). 

9. The Compound Umbel : The very short rachis bears a densely compact 

umbel of secondary (partial) umbels usually with long stalks (cf. 
No. 5) ; if the compound umbel is surrounded by a whorl of leaves 
this is called the Involucre; a similar whorl surrounding the secondary 
umbel is an Involucel (secondary involucre); one or both maybe 
absent; (most Umbcllifera:). 

B. Cymose, Centrifugal, or Definite Inflorescences result from the primary 
axis branching beneath the lirst flower in such a manner that each lateral axis itself 
terminates in a flower, after producing one or more lateral axes of a second order which 
in their turn terminate in flowers and continue the system in this manner; the develop- 
ment of each lateral shoot is stronger than that of the primary axis beyond the point of 
origin (see Figs. 134-136, pp. 178-180). 

a. Cymose Inflorescences without a Pseud-axis : Two or more lateral axes are de- 
veloped beneath each flower, terminating in flowers; lateral axes of a higher 
order continuing the system in the same manner. 

to. The Ant he l a : An indefinite number of lateral axes are produced on 
each axis, and overtopping the primary axis develope in such a 
manner that the entire inflorescence does not acquire any definite 
shape (e.g, J uncus lamprocarpus , tenuis, alpinus, and Gerardi , Luzula 
mmorosa, &C. 1 ). The anthela of these genera, as well as of Scirpus 
and Cyfxruj, exhibits a number of different transitional forms to the 
panicle and even to the spike, and on the other hand to the formation 
of cymose inflorescences with pseud-axes, e.g. in Juncus bufonius . 
The inflorescence of Spiraa Ulmaria is included in this form by 
myself and others. 

11. The Cymose Umbel : A whorl of three or more equal axes springs from 
the primary one, secondary whorls of lateral axes being again pro- 
duced from it, and the process being then again repeated (see 
Fig. 148). The whole system resembles a true umbel in habit; 


1 Compare the careful description by Buclicnau in Jahrb. fur wisscnsch. Bot. IV, p. 393 et st 
and 1*1. 28 30. 
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very good examples are afforded by several species of Euphorbia , 
especially E, Lathyris and belioscopia . This form of cyme is not 
essentially distinct from the next, and in the highest orders of 
branching commonly passes into it ; in Periploca grceca, for example, 
even in the first ramification. 

12. The Die hasium : Each primary axis terminating in a flower produces 

a pair of opposite or nearly opposite lateral axes, which in their turn 
produce pairs of the second order, and so on. The whole system 
appears as if composed of bifurcations, especially after the older 
flowers have fallen off ; as in Euphorbia , many Silcneac, some Labiatac, 
&c. The dichasium easily passes, in the first or a succeeding order 
of lateral axes, into a sympodial mode of development. 

b. Cymoje Inflorescences with a Pseud-axis (Sympodial Inflorescences ). Each axis 
which terminates in a flower bears only one lateral axis of the next order. 
The basal portions of the consecutive orders of axes may lie more or less in 
a straight line, and may become thicker than the flower-stalk (above the 
branching). A pseud-axis or sympodium may thus become either straight or 
curved first in one direction and then in another, the flowers appearing to be 
produced on it as lateral shoots (sec Fig. 136, A } B, D, p. 180). If the sym- 
podium is clearly developed, it resembles a spike or raceme, from which 
however it is easily distinguished when bracts arc present by their being 
apparently opposite to the flowers (as in Helianthemum) ; but displacement 
not unfrequently causes it to assume a different form (as in Sedum). 

13. Tlx Unilateral Helicoid Cyme (Bostryx) is a sympodial cyme in which 

the median plane of each of the successive axes which constitute the 
system is always situated on the same side, whether right or left, 
with respect to the preceding one (see Fig. 136, D) ; as for instance, 
in the primary branches of the inflorescence of Hemerocallis fulva 
and ftava, and in the partial inflorescences of Hypericum perforatum 
which are themselves arranged in a panicle. (Hofmeister.) 

14. The Unilateral Scorpioid Cyme (Cicinnus) is one in which the successive 

axes arise alternately to the right and left of the preceding one 
(Fig. 136 A), as in Helianthemum , Drosera , Tradescantia , and Sc ill a 
bifolia . (Hofmeister.) The inflorescence of Echcveria belongs also 
to this kind of originally monopodial sympodium ; the mature cyme 
has a pseud-axis on which the flowers are placed opposite the 
leaves. While the summit of each successive axis is converted into 
a flower, a lateral axis arises in the axil of the subtending leaf. This 
lateral axis developes further, forms a new leaf in a plane nearly at 
right angles to the last, and becomes transformed into a flower, 
while a lateral axis appears in the axil of its leaf which continues 
the development ; the leaf which arises on this axis is in the same 
plane as the last but one. (Kraus.) 

The inflorescences of the Boraginesc and Solanacese differ both in their mode of 
development and in their external appearance from the plan described in Bb. Kaufmann 
has already stated 1 that the inflorescence of some Boragineae is the result of repeated 


1 Kaufmann, Bot. Zeitg. 1869, p. 886 [and Nouv. Mem. de la Soc. Imp. dcs Nat. de Moscow, 
XIII, p. 248]. [Kaufmann’s observations have been confirmed by Warming (Ramification des 
Phanerogames, 1872), by Pedersen (Bot. Tidskrift, 1873), and by Kraus (Bot. Zeitg. 1871) in so 
far as bractcate scorpioid cymes are concerned. (See also Wydler, Zur Morph, d. dichotomcn 
Bliithenstande, Jahrb. f. wiss. Bot. XI, 1878). Warming considers that dichotomy also occurs in 
naked scorpioid cymes, but Kraus states that these are monopodial , and Warming admits that lateral 
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dichotomy of the apex of an axillary bud : and Kraus has also shown that the leafless 
inflorescence of Heliotropium and Myosotis is a monopodium, at all events when luxu- 
riant. A thick and flattened vegetative cone developes two alternate rows of flowers 
on its upper suie : on this side the longitudinal growth of the primary axis is at first 
stronger; and the younger part of the inflorescence is consequently rolled with its apex 
downwards in a circinate manner. An inflorescence which is formed in this manner, 
as will be seen from what has already been said, cannot properly be described as a 
scorpioid cyme, but corresponds rather to a raceme or spike which bears flowers only 
on one side of its rachis. The leafy scorpioid cymes of Anchusa , Cer/nthe, Bor ago, 
and Hyoscyamus are, on the contrary, the result of dichotomous branching; a leaf 
which stands on the primary axis ending in a flower bears in its axil a vegetative cone 
which is at first hemispherical; this becomes broader and dichotomises in a direction 
parallel to the surface of the leaf ; one of the bifurcations becomes a flower, the other 
bears a new leaf at right angles to the last, and forms a dichotomy above it as before. 
The planes of dichotomy therefore cross one another at right angles ; and this is the 
reason why Vue leaves always stand between the sympodial axis and the flower. Lateral 
displacements of the leaves begin at the second division and continue afterwards. 

According to Kraus it is doubtful whether the sympodial inflorescences of Ompha - 
lodes and Solarium nigrum are the result of dichotomous or of lateral branching. On 
the side of the primary axis which becomes a flower a leafless lateral axis arises which 
continues to branch, and the right and left lateral axes of which are alternately trans- 
formed into flowers. Kraus entertains a similar doubt respecting weak inflorescences 
of Myosotis and Heliotropium ('vide supra). 

It will be seen from what has now been said, that within an inflorescence which 
consists of several orders of axes there may be produced not only different forms 
of one section, but forms belonging to both sections (A and B ), mixed inflorescences 
being thus formed. Thus, for example, a panicle may form dichasia in its last ramifi- 
cations (as in some species of Silent); a dichasium may bear capitula ( e.g . Silphium) > 
or even in its first branches or in those of a higher order may pass into a helicoid 
or scorpioid cyme (as in Caryophyllta:, Malvaceae, Solanaceae, Linacca*, Cynanchum , 
Gagea, Hemerorallis, &c.b The mode of branching of the inflorescence is in most 
cases different from that of the vegetative stem. Not unfrcqucntly it passes abruptly 
from one to the other, but often through intermediate modes of branching. 

In the older systems of nomenclature a number of other terms are given to various 
forms of in florescence, such as glomerulus, corymb, &c. ; but they all designate merely 
the habit or external form of the system, and must be referred, in a scientific description, 
to one or other of the above forms or to combinations of them. 

2. With regard to the Change in the Mode of Branching accompanying the transition 
from the vegetative to the floral region of a shoot, Warming gives some very valuable 
information in his Rechcrches sur la ramification des Phancrogames (Kopenhagen 1872), 
from which it appears that the numerous cases of extra-axillary branching in in- 
florescences can be referred to axillary branching as the typical mode. He lays it down 
that the axillary branch with the corresponding leaf are to be regarded as a whole, one 


branching usually takes place in weak inflorescences. Goebel (Arb. d. Rot. Inst, in Wurzburg, II, 
1880) finds not only that Kraus’ account of the development of the inflorescence of Myosotis and of 
Heliotropium is accurate, but that it applies also to that of Symphytum officinale, A tichusa , Crrinthe, Borago % 
Cynoglossum, Echium vulgar ? , Lilhospermurn nrvense, ami Cnryolopha sernpervirens ; the development of 
the flowers is lateral also in Hyo*cyamus niger , Klugta No ton i ana , and in Helianthemum. Goebel’s con- 
clusions have Ix-cn combated by Celakovsky {Flora, j 880). It must be borne in mind that dichotomous 
and lateral branching are not absolutely distinct forms, but that they are connected by intermediate 
conditions, so that they gradually merge one into the other. (See also Henslow, On the Origin of 
the so' cal led Scorpioid Cyme, Trans. Linn. Soc., 1880; and the History of the Scorpioid Cyme, 
Journ. of Rotany, 1881.)] 
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part of which — the leaf, —or the other part — the branch, — may be developed earlier 
than the other or simultaneously with it, or more or less completely than it. It is 
evident in the vegetative region that the subtending leaf always arises first, and de- 
velopes more actively, to begin with at any rate, than the corresponding branch which 
only becomes apparent when one or more young leaves have arisen above the leaf 
in question. (Figs. 129, 131.) In many inflorescences the development of the leaf 
precedes that of the axillary branch by a much shorter interval, as in the spikes and 
racemes of Amorpha , Salix , Rudbeckia , Lttpinus , Veronica , Digitalis , Orchis , Delphinium . 
In the development of other inflorescences the axillary branches are formed immediately 
after their subtending leaves, so that no rudimentary leaf intervenes between the apex 
of the shoot and the youngest axillary branch ( Plantago , Orchis , Epipactis). Sometimes 
leaf and branch arise simultaneously, as in the Gramineae, Cytisus , Trifolium , Orchis , 
Plantago , Ribcs. Or again, the axillary branch is formed first, before its subtending 
leaf, in which case the leaf attains only a slight development, its presence being merely 
indicated as in Sisymbrium , Brassica and other Grucifer®, Umbellifer®, Anthemis , 
Valeriana , Asclepiade®, Bryonia , Cucumis. Or the subtending leaf may not make its 
appearance at all, and no bracts are developed, as in many Gruciferac (Fig. 132), 
Gomposit®, Gramine®, Umbellifer®, Papilionace®, Gucurbitacc®, Asperifolieac, Solanc®, 
Hydrophylle®, Saxifrage®, Potamogetone®. In all these inflorescences the youngest 
buds are nearer to the apex of the parent shoot than any foliar organs in so far as these 
have been developed, but the branching must not on this account be regarded as 
dichotomous. A dichotomy of the parent shoot only takes place when a vigorous 
branch is developed so near to the apex that a continuation of the direction of growth of 
the shoot is rendered impossible, its apex apparently dividing into two or more apices. 
According to Warming this is the case in Hydrocharis , Vallisneria , the Asclepiade®, the 
scorpioid cymes of the Solane®, Asperifolieac, Hydrophylle®, Gistace®, and many 
Gucurbitacc®. This tendency to dichotomise shown by plants the vegetative parts of 
which branch in a lateral axillary manner is doubtless connected with the suppression 
of the development of leaves in the inflorescences, and this is confirmed by the fact that 
the tendrils of Vitis and Cucurbita , on which the development of leaves is rudimentary, 
exhibit the same tendency. 

The axillary branches of the vegetative region arc usually so placed that they arise 
both from the basis of the leaf and from the tissue of the stem ; but it sometimes 
happens that the branch is entirely transferred to the stem and becomes isolated from the 
leaf. In the floral region, on the other hand, it not unfrequently happens that the axillary 
branch (the inflorescence) arises solely from the leaf, as in Hippuris (Fig. 119), Amorpha , 
Salix nigricans . If, however, the subtending leaf (bract) is developed later than the axil- 
lary branch (inflorescence), it may arise from it, so that the leaf has no direct connection 
with the parent shoot, but appears to be the first lowest leaf of the lateral branch ; this 
is the case, according to Warming, in Anthemis , Sisymbrium , Umbellifer®, and to a slight 
degree in Papilionaceac, Orchide®, Valeriane®, and others. These relations are usually 
evident at the earliest stage of development, but frequently the subtending leaf is found 
upon the axillary branch in the mature condition, as in TUcsium ebracteatum , Samolus 
. Valerandi , Boragine®, Solane®, Grassulace®, Spircca , Loranthacc®, Ipomtra bona nox y 
Agave americana , Ruta } PaHurus, Tilia (in which this applies to the large bract of the 
inflorescence), and others. 

3. Number and Relative Position of the Parts (f the Flower 1 . Just as the forms of 
branching of the inflorescence are usually different from those of the vegetative stem, 
the arrangement of the leaves of Angiosperms is also usually different on the shoot w'hich 
constitutes the flower from that on other parts of the same plant. The cessation of 
the apical growth of the receptacle, its great increase in breadth, or even hollowing out, 
before and during the time when the perianth and the sexual organs are being formed, 


[See Eichlcr, BHithcniliagrammc.] 
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influences their order of succession and their divergence from one another. But since, 
notwithstanding the extraordinary variation of the other relations of form, the true 
position of the floral leaves varies but little — though it may often be difficult to determine 
— the knowledge of this position is often of great importance in the determination of the 
affinities of the species, and hence for purposes of classification. This is especially 
the case if we at the same time take into account the abortion of individual members 
which is here of so common occurrence, the multiplication of the parts which take place 
under certain circumstances, and their branching and cohesion. 

In order to facilitate a description of these relationships, it is necessary to explain 
certain terms and methods of description. 

In the first place it is important to denote the position of all the parts of a flower 
with respect to the mother-axis of the floral shoot. For this purpose the side of the 
flower which faces the mother-axis is termed the posteriory that which is most remote 
from it the anterior side. If a plane be imagined to divide the flower longitudinally from 
front to back, and to include the primary axis of the flower as well as that of the 
mother-shoot, this is the median plane of the flower, dividing it into a right and a left 
half. Floral leaves, as well as ovules and placentae, which arc bisected longitudinally 
by the median plane, are said to have a median position, either posterior or anterior. 
If another p/ane is now imagined at right angles to the first, and also including the axis 
of the flower, it may be termed the lateral plane; this plane divides the flower into a 
posterior and an anterior half, and parts which are longitudinally bisected by it arc 
precisely lateral. The two planes which bisect the right angle between the median 
and the lateral planes may be called diagonal planes, and the parts which arc bisected by 
them be said to have a diagonal position. Flowers usually have some of their floral 
organs placed exactly posteriorly or anteriorly, not so commonly exactly right and 
left or exactly diagonally; but usually other additional terms must be used, such as 
obliquely posterior or obliquely anterior. 

If next the position of the parts of the flower with respect to one another be ex- 
amined, their arrangement, as has already been mentioned, is cither spiral or verticillate. 

Flowers with a spiral arrangement of their parts are comparatively rare, and appar- 
ently occur only in certain orders of Dicotyledons (Ranunculaccac, Nymph«race;r, 
Magnoliaccac, and Calycanthaceie). Braun has termed such flowers acyclic , when the 
transition from one foliar series to another, as from calyx to corolla or from corolla 
to stamens, docs not coincide with a definite number of turns of the spiral (as 
Kymphsraccse and Helleborus odorus ) ; bemicyclic when it docs so coincide. This latter term 
may also be employed when some of the foliar structures are actually cyclic (verticillate), 
others spiral, as in Ranunculus , where the calyx and corolla form two alternating whorls, 
followed by the stamens and carpels arranged spirally. Parts which have a spiral 
arrangement sometimes occur in definite numbers, more often in larger indefinite 
numbers. 

When on the other hand the parts of the flowers are arranged in whorls, the number 
of the whorls, as well as that of the members of each whorl, is constant in the same 
species, and within larger or smaller circles of affinity \ When the number of members 


1 [1 he number of whorls in a flower may vary very widely, fiom one ( Carex ) to fifteen or sixteen 
(■ Aquilegia ). In some cases the calyx, corolla, andm-cium, and gynaceum each consists of a single 
whorl, so that the flower has four whorls. Moic commonly, however, one or other of these series 
consists of more than one whorl. 'I his is most frequently the case in the andrcecium, so much so in 
fact that it is customary to regard the typical flower as containing two whorls of stamens: in an 
isomerous flower, if the stamens are in a single whorl it is said to be iw^temonous, if in two whorls 
diplosiemonous , and so on. Ihe calyx often consists of more than one whorl (Menispermaccre, 
lierbcridacese), and in most tetramerous flowers (Cn;rifcra\ Onagracca*) it is composed of two 
decussating dimerous whorls. Moie rarely the corolla consists of more than one whorl ; instances 
of this occur in the Fumariace^, Berberidace.f, J’apavcraceir, Menispermacere. A gyna-ceum of two. 
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of each whorl is the same, and those belonging to the different whorls are placed one over 
another so as to form orthostichies, I adopt Payer's expression of superposed (instead 
of the ordinary one of * opposite*). When the stamens are superposed on the calyx or 
corolla, they are termed respectively antisepalous and antipetalous ; if the members of a 
whorl fall between the median lines of those of the next whorl above or below, the 
whorls are alternate . When the number of members is the same in eadh whorl, they are 
said to be isomerousy when this is not the case heteromerous ; and Braun calls those flowers 
eucyclic in which the members of all the whorls are equal in number and alternate. It 
also happens however that members of the same kind arise subsequently between those 
of a whorl already formed ; as, for instance, five later stamens between the five earlier 
ones in Diet imttus Fraxinella (Fig. 414), and probably in many eucyclic flowers with ten 
stamens. Members subsequently introduced in this manner into a whorl may be called 
interposed . (For further details, •vide infra,) 

The consideration of the number of the parts of the flower cannot be separated from 
that of their relative position. But before entering more minutely upon this subject, the 
construction of the Floral Diagram must be described. 

The Floral Diagram is constructed differently according to the purpose it is intended 
to serve. Some treat it as a somewhat free drawing of an actual transverse section of 
the flower, and indicate on it not merely the number and position, but approximately 
the form, size, aestivation, cohesion, &c. of its parts. T his purpose is however clearly 
best attained by preparing as accurate drawings as possible of actual transverse sections 
of the flower-bud, which will then also contain much that would be superfluous for 
observations of a certain kind. But if it is merely required to represent the number and 
position of the parts of the flower in such a manner as to render as easy as possible the 
comparison in this respect of a number of flowers, it is best to disregard all ‘other 
peculiarities, and to adopt one and the same plan for all diagrams, and that as simple as 
possible, so as to represent nothing but the variations in the relationships of number and 
position. This is the only purpose kept in view in the diagrams given in the remainder 
of this work, of which Figs. 406-408 may serve for the present as examples. They are 
constructed according to the rule already given on p. 188 ; the dot above the diagram 
always represents the position of the mother-axis of the flower; and the lower is there- 
fore the anterior part. Although mere dots would be sufficient to indicate perfectly the 
number and position of the parts of the flower, different signs have nevertheless been 


rarely more, whorls is found in many Butomacere and Alismaceie ; usually when the number of the 
carpels is great they are arranged spirally. When the members of a series (calyx, corolla, etc.) arc 
in one whorl, the series is said to be monocyclic ; if in more than one, di- y tricyclic , etc.; if in many, 
polycyclic. 

In isostemonous flowers it frequently occurs that the stamens are antipetalous, as in Ampelidcw, 
Rhamnacejr, Flumbaginaceie, Frimulaeece. This is usually ascribed to the abortion of an exterior 
whorl of antisepalous stamens, an assumption which is based cither on the presence of a whorl of 
staininodes in the place of the missing stamens, or on the presence of two whorls of stamens in 
allied Orders. 

It not unfrcqucntly happens in a diplostcmonous flower that the stamens of the outer whorl are 
antipetalous {Limnanthe. s, Ruta, Dictamnus (Fig. 414), Pyrola , Monotropa, Chrysosplenium, Epilnbium , 
QZnothera, Fuchsia , Gcraniacea?, Zygophyllace'.e, Crass ulacea?, Kricacerc, Rhodoracea:, etc.) : when 
this is the case the andrtceium is said to be obdiplostemonous ; the carpels are superposed on the 
stamens of the outer whorl, and therefore also on the petals. The most satisfactory explanation of 
obdiplostemony is that given by Celakovsky (Flora, 1875), though, as we shall see below (note, p. 
606), it cannot be applied in all eases : according to him the staminal whorls arise in regular acropetal 
succession, the antisepalous stamens being developed first, as in direct diplostemony; the antipetalous 
stamens are developed internally to the others but become gradually displaced outwards, so that they 
appear either to lie in the same whorl as the antisepalous stamens or externally to them. This is the 
real meaning of the ‘interposition’ mentioned above. (For further details on these points see Gray’s 
Structural Botany, and Eichler’s Bliithendiagramme.)] 
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chosen for the various separate organs, in order to render the explanation more readily 
visible to the eye. 7 he leaves of the perianth are represented by arcs of a circle, a kind 
of mid-rib being indicated on each of the outer whorl of these, or calyx, merely in order 
to distinguish them at a glance from the inner whorl. The sign chosen for the stamens 
resembles a transverse section of an anther, but without reference to the position of the 
pollen-sacs or of their mode of dehiscence whether inwardly or outwardly. When the 
stamens are branched, this is indicated by the signs being grouped, as in Fig. 408, where 
the five groups correspond to five branched staminal leaves. The gynxeeum is treated 
as a simplified transverse section of the ovary, since it is thus most easily distinguished 
from the other parts; the marks within the loculi of the ovary indicate the ovules, 
which however are only represented in those cases where their actual position can be 
expressed by so simple a plan. The size, form, and cohesion of the separate parts are 
not taken into account at all. The construction of these diagrams is based partly on 
careful investigations of my own, but chiefly on the studies of Payer in the history of 
development (Organogenie dc la fleur), as well as on the descriptions of other authors 
(Doll, F.ichler 1 , and Braun). 

I draw a distinction between empirical and theoretical diagrams. The empirical dia- 
gram only^represents the relative number and position of the parts, just as a careful 
observation show’s them in the flower ; but if the diagram also indicates the places 
where members are suppressed — which can only be determined by the history of 
development and by comparison with allied species, especially if it points out relationships 


I Iii. - I of the Mo 

/ tluui.r 




M<> 4 .7 — Pi.inr.mi of tli>* llrmi 1 
1 nastru^ (iller Payer). 



4 k — Pi.ihioIh of the flown ■ ■» 
Hvfct u u /ft 1 ti/y< mum 


which arc entirely the result of theoretical considerations — I call it a theoretical diagram. 
If the comparison of a number of diagrams shows that, although empirically different, 
they nevertheless yield the same theoretical diagram, this common theoretical diagram 
may be termed the type or typical diagram according to which they are all constructed. 
I consider the careful determination of such types an important problem, the solution of 
which may be extremely useful in the classification of Angiosperms. When the type has 
once been ascertained, the theoretical diagrams which correspond to it may be treated 
as derivative forms from which particular members have disappeared, or w’here they have 
been replaced by a number of members. From the stand-point of the theory of descent 
the type corresponds to a form still in existence or that has already disappeared, from 
which the species to which the derivative diagrams belong have arisen by degeneration 
(/. e. by abortion 2 ) or by multiplication of the parts. 

A few examples will explain this. The flower of Grasses, which is seated among the 
paleae, may be deduced, as is shown in Fig. 409, on the theory of the abortion of certain 

1 [Eichler, Bliithendiagramme, I, II, 1875 8/) 

3 The construction of the diagram itself show’s that the theory of abortion is justified even 
where the earliest state of the flower-hud gives no indication of the absent member, if the number and 
position of the parts present point distinctly to such a hypothesis. If the idea of abortion in this 
sense is not admitted, neither can the increase in number of individual parts, or their replacement by 
several, be allowed. It is only the theory of descent that gives a rational explanation of either fact, 
and that a very clear one. 
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parts from the typical flower represented in Fig. 406, which is itself the typical diagram 
of Liliaceae. A is the diagram of Bambusa , which only deviates from the type in 
the absence of the outer perianth-whorl which is indicated by dots. But in most other 
Grasses (B) the posterior leaf of the inner perianth-whorl (this whorl appearing generally 
only in the form of small colourless scales), the whole of the inner whorl of stamens, and 
the anterior carpel, are also wanting. In Narduj again (C), the anterior carpel only is 
present (as far as the pistil is concerned) ; all the absent parts are represented by dots, 
and the diagram is therefore so far a theoretical one. If the dots are removed, we get 
the empirical diagram ; the number and position of the carpels is here determined from 
those of the stigmas 




Mil. 4t>Q — 1 latfr.mi of thr flown of .1 Grass ; /i Hambusa ; H of most Grasses , 

vol, I, pj). 105, 133), 



The (lowers of Orchideae can also be derived, like those of Gramineae, from the type 
represented in Fig. 406, the empirical diagram of Liliaceae, although their external form 
is so remarkably different. While in Grasses the perianth is especially degenerated or 
even partially abortive, in Orchids both whorls arc developed in a petaloid, and like the 
whole flower, in a zygomorphic or monosymmetrical manner. Of the androecium, which 
consists typically of two alternating whorls, each of three stamens, only a single stamen 
is completely developed in most Orchids (Fig. 410, A), viz. the anterior one of the outer 
whorl, the others being abortive. Indications of these are however sometimes found 
in the young bud, as in Cal ant he * veratrifvlia (according to Payer, cf. Fig. 394), where at 



I II. 410.- nf tin* flower of Orchul r . .-/ the ordinary Mniuturc; H tli.it of Lyprtprdium (sec li^s 372 and 41P) : 

the dots indicate st.uucns which are. alto^ethc ihortivc, the shaded figures rudimentary stamens which be.romc abortive or 
trausfoinrcd into staminndcs. 


least the two anterior ones of the inner whorl (but not the posterior one) appear as 
small elevations which soon disappear. In Cypripedium , on the contrary, a large 
staminodium (see Fig, 372) takes the place of the anterior stamen which is else- 
where fertile; while the two anterior and lateral anthers of the inner whorl are fully 
developed and fertile (Fig. 410, B), In Ophrydese two small staminodes arc found 
beside the gynostemium (</. Fig. 418, J), st) in the place of the two fertile stamens of 
Cypripedium ; while in Vropedium all three of the inner whorl are completely developed. 
(Doll.) The carpels which, by adhesion with the androecium form the gynostemium, arc 
developed unequally, a difference which however is usually not discernible in interior 
ovaries, and is therefore not indicated in the diagram. The student who desires to 

1 Compare further, Doll, Beitr'age, in the Jahresbericht dcs Mannhcimer Vereins fvir Naturkunde, 
1870, where an actual pentacyclic trimerous flower of Slret>toch<ete. is described. 
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investigate these relationships for himself must observe that the long inferior ovary of 
most Orchids undergoes a torsion ( resupination ) at the time of the opening of the flower, 
which causes the posterior side of the flower to assume an anterior position ; but trans- 
verse sections even of advanced buds show clearly the true position of the parts of the 
flower in relation to their mother-axis. 

The flowers of most Monocotyledons, like those of Orchids and Grasses, can be de- 
rived from a type which is actually seen in Liliaceac, and which represents a flower 
consisting of five alternating whorls, each with three members, of which the two outer 
ones constitute the perianth, the two next the androecium, and the last the gynacceum; 
although the latter may sometimes be represented by two whorls. Occasionally instead 
of abortion an increase of number takes place in particular whorls, by the formation 
of one member instead of two (as in Butomus , Fig. 382). 

Increase in the typical number of the members of a whorl may arise in different 
ways, as the following examples will show. According to the detailed researches of 



Diagram of the /lower of I'miian-i 


Eichler 1 , the flowers of Fumariacear may be referred to a type in which there are six 
decussate pairs of members (Fig. 411), viz. 

two median sepals, 

two lower lateral (exterior) petals, 

two upper median (interior) petals, 

two lateral stamens, 

two median (always abortive) stamens, 

two lateral carpels. 

The two lateral stamens are however represented in some genera (as Dicentra and 
Corydalu) by two groups, each consisting of three stamens, an inner one with an entire 
quadrilocular anther, and two lateral stamens each with a bilocular anther, a struc- 
ture which Eichler explains on the hypothesis that the lateral stamens are only stipular 
structures, and therefore branches from the base of the middle one. In Hypecoum 
Eichler assumes a cohesion of each pair of opposite stipular stamens so as to form an 
apparent whorl of four stamens. 

Eichler also deduces the flowers of Cruciferae and CIcomeae (a section of Cappa- 
ridese) from a type represented by Fig. 412 A> which is also the empirical diagram for 
C Iconic drojerafo/ia , and for certain species of Lepidium, Settebiera , and Cap sell a. This 
typical flower consists of 

two lower median sepals, 
two upper lateral sepals, 
four diagonal petals in one whorl, 
two lower lateral stamens, 
two upper median stamens, 
two lateral carpels. 

1 Eichler, Ueber den Bliithenbau der Fumariacccn, Crticifercn, und einiger Capparideen, in 
(Regensburg) Flora, 1865, nos. 28-35, and 1869, p. 1 . — Peyritsch, Ueber Bildungsabweichungen der 
Cruciferenbltithen, Jahrb. fiir wiss. Bot. vol. VJIL p. 117. 
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Deviations from this type are produced by the formation of two or more stamens in 
place of each of the upper (inner) ones; in the Cruciferae usually two (Fig. 413), in the 
Gleomeac sometimes two, sometimes more (Fig. 412 B ). Such a replacement of one 
stamen by two or more is termed by Payer Dedoublement *, by Eichler and others Colla- 
teral Cborisis, and must apparently be considered as a branching of very early origin. 
This view is confirmed in this case by the fact that in the Crucifer Atelantbera the 




Fit., 41a — Diagram of the flower of Cappnridoxr ; *1 Lleome tin*’ 
scrtf/ulux, Ji Polnmna graveoUn* (after Lulilcr) 


Fit.. 413. — Diagram of the flower of 
Cruiifcrsc. 


median stamens are only split and the two halves of each provided with half-anthers, 
while in Crambe each of the four inner stamens puts out a lateral sterile branch, which 
may be explained as the commencement of a further multiplication of the stamens 
such as actually occurs in the Crucifer Megacarpcea and in many Gleomese. Even if 
the way in which increase of the typical dimerous number of the inner whorl of stamens 
has been brought about be still obscure, it appears certain that the inconstancy of 
the number of the members of the staminal whorl proves that in Cruciferae and Clc- 
omese a deviation has arisen in this part of the flower from the typical dimerous number, 
while the other whorls have remained unchanged. The only deviation which occurs in 
the gynaeceum of the Crucifers is in the genera letrapoma and Holargidium, where, 
besides the two lateral carpels, two median ones are also produced, thus forming a 
four-lobcd ovary 1 2 3 . 

An essentially different kind of increase in the typical number of the members of a 
floral whorl may be caused by the formation in the still very young bud of new 
members of the same kind between those already in existence and on the same zone 



Fit*.. 4x4.— Diagram of the flower of Uufatnnut Fraxindla (tf. Fig 38 ). 


of the receptacle; i.e. by what we have already described as the Interposition of new 
members. This I found to occur, for example, in Dictamnus Fraxinella (Fig. 388), and 
is represented in the diagram, Fig, 414, by the stamens of later origin being shaded not so 
dark as those of earlier origin. It may, 1 think, be inferred from Payer’s descriptions 


1 [The theory of an original dimerous symmetry in the flowers of Crucifercc has been pushed 
still further by Meschaeflf (Hull. Soc. Imp. Nat. Mosc ), who regards the four petals as also the result 

of a lateral dedoublement of a single pair (see Bentham, Ann. Address Linn. Soc. 1873).] 

3 [Holargidium is a section of Dr aba. According to Bentham and Hooker the four carpels of 
Tetrapoma are an abnormality not constant under cultivation. The same authors also mention the 
occasional occurrence of a similar abnormality in Brassica and Nasturtium ] 
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and drawings that the same process occurs in the nearly related genus Ruta, and in the 
families Oxalideac, Zygophyllaceae, and Geraniaceae included in the same circle of affinity; 
viz. that in these cases also five stamens are interposed between those already in 
existence 1 * * * . If the five interposed stamens are supposed to be removed, there remains 
in these families a regular pentamerous flower with four alternating whorls each 
consisting of five members, such as is found in the nearly related Linaceac and Bal- 
saminese \ 

Floral Formula . The diagram may, under certain circumstances, be substituted, at 
least partially, by a formula composed of letters and numbers. In a floral formula of 
this kind the relative positions of the parts cannot indeed always be represented with 
accuracy ; but it has the advantage that it can be expressed by ordinary printer’s type, 
and, what is perhaps of greater importance, is capable of a wider generalisation, since 
the numerical coefficients may be replaced by letters. 

The construction and application of these formulae will easily be made intelligible by 
a few examples 5 * * 8 . 

The formula S» P s St 9 ~i t C s corresponds to the diagram of the Liliacea;, Fig. 406, and 
signifies that each of the two perianth-whorls the outer whorl or sepals S, and the inner 
whorl or petals P — consists of three members, the andreecium of two whorls each of three 
stamens St, and the gynacceum of three carpels C. The diagram shows in addition that 
these trimerous whorls alternate without interruption ; but since this is the usual case 
with flowers, it need not be specially indicated. The formula S s P s 5t*+u C 3 *» 3 gives the 
relative positions of the parts of the flower of Butomus umbel l at us (Fig. 382). It 
is distinguished from the previous one by the gynacceum consisting of two whorls of 
three carpels each, and the andreecium having the typical three stamens of the outer 
whorl each replaced by two stamens, which is expressed by the symbol 3' 1 . The 
formula S v P 3 St 3 + 3 C 3 corresponds to the diagram of the flower of Bam bus a, Fig. 409 A, 
and differs from that of Liliaceac only in the suppression of the outer perianth-whorl, 
represented by S „. The numerical relations of the parts of the flower of Orchidcae, 
Fig. 410 A, might be expressed by the formula S 9 P s St\+ 0 C^ the symbol St{+ V indicating 
that all the members of the inner starninal whorl are abortive, while on the other hand 
in the outer whorl the two posterior ones are suppressed, the anterior outer stamen 
being perfectly developed ; the two dots over the number i' arc meant to indicate 
that the absent members are the posterior ones; were the anterior ones deficient the 
dots w f ould be placed beneath the number, as in the formula S 0 P±St 9 + 0 which cor- 
responds to the ordinary flower of Grasses represented by the diagram Fig. 409 B. The 
formula S. P<> St h 2 C, expresses the whorls consisting of decussate pairs which form the 
flower of Maianthemum bifolium ; the formula S 4 P 4 St 4 + 4 C 4 or S t , P r> St & + r , C 5 the flowers of 
Paris quadr folia, in which all the whorls are either tetramerous or pentamerous. These 

1 [These are all cases of obdiplostemony. In the case of Dictnnmus and of Ruta this is to be 

explained by Cclakovsky’s theory of displacement. In the Ox al idea* and Geraniacca Frank has 

found (Jahrb. f. wiss. Hot. X), in opposition to Payer, that the antipetalous stamens are developed first. 

It is therefore difficult to give a satisfactory account of the obdiplostemony in these orders. Fielder 

regards it as clue to constant deviation from the normal acropetal development of the whorls of the 

flower.] 

8 Doll (Flora von Baden, vol. III. pp. 1175, 1177; and others suppose that a whorl has 
become abortive between the corolla and ovary in Ktitaccsc and Oxalidese, a hypothesis which is 
not supported by the history of development, and which is superfluous on our hypothesis. To 
assume abortion merely because certain whorls do not alternate seems to me to be going too far. 
Besides, the ten stamens of Epaciidea* and Khodoracea* cannot belong to two hut only to one whorl 
in which five are of earlier origin, and five have been interposed. ('Compare Payer, Organogenic de 
la fleur, pi. 1 1 8.) 

8 Grisebach (Grundriss der systematischen Botanik ; Gottingen, 1854) has denoted the relative 
numbers of the parts of flowers in a different manner, placing the numbers of the members of a 
whorl simply one after another, and indicating cohesions by strokes. 
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and most other formulae for the flowers of Monocotyledons may now be combined into 
a general expression S u P H St n +n £»(+«)> which signifies that the flowers belonging to this 
type are usually constructed of five alternating whorls each with the same number of 
members, two of which are developed in the form of perianth-whorls, two as staminal 
whorls, and generally only one as a carpellary whorl ; the bracket ( + ») at the end of 
the formula indicating that a second carpellary whorl sometimes occurs in addition. 
The general number n may, as the examples which have been adduced show, have the 
value 2, 3, 4, or 5; 3 is the most common. If a considerable increase of the number 
of members takes place in a whorl, and if this number, as is then usually the case, is 
variable, this is expressed by the symbol 30 ; thus the formula for Alisma Plantago is 

As has already been mentioned, no further indication is given of the position of the 
whorls when they alternate ; when a departure from this rule occurs, this can be more 
or less accurately expressed by special symbols. Thus, for example, the formula for 
the flower of Cruciferas, Fig. 413, might be represented by *S’ 2 + 2 P * 4 S/ 2 + 2 2 C 2 (+ 2 ), the 
symbol p X4 signifying that the decussate pairs of sepals are followed by a corolla con- 
sisting of one whorl of four petals, which are however arranged diagonally to the sepals. 
In order to express the superposition of two consecutive whorls, a vertical stroke might 
be placed after the number of the first whorl; thus S 6 P D | St b * C b might represent the 
formula for Hypericum calycinum (Fig. 408), | St- V indicating that the androecium con- 
sists of five branched (s v ) stamens which are superposed on the petals. If, finally, it is 
desired to signify that members of a second whorl are interposed at the same level 
between those of one already in existence, the number of the new members may be 
placed simply beside those of the original whorl; thus the formula S a P b St b . b C b would 
correspond to the diagram Fig. 414. 

In the formula? already given no cohesions of any kind have been indicated; they 
can however under certain circumstances easily be expressed by special symbols. 
Thus, in the formula for Convolvulus S b P b St r> C., t the sign P [t indicates a gamopetalous 
corolla of five petals, C. £ a syncarpous ovary of two carpels. In the formula for the 
flowers of Fapilionacea* again S b P rt St b 4 - l C ly the expression St r ,i 4 -\ , signifies that the five 
stamens of the outer and four of those of the inner whorl have united into a tube, while 
the posterior stamen of the inner whorl remains free’. 

The mode of writing the formula* must vary according to the object which one has 
in view; the greater the number of relationships it is intended to express, the more 
complicated will they become; and care must be taken that they do not lose their 
clearness by being overladen by too many signs. 

The examples of formula* which have hitherto been adduced all illustrate cyclic 

flowers; those parts of flowers which are arranged spirally may be denoted by the 

symbol ^ placed before them, and the angle of divergence may also be affixed to 

their number. Thus, for example, the relative numbers and positions of the parts of 

the flower of Aconitum , according to Braun’s investigations, may be expressed by the 

formula S^- 2/ sP ^ »/ *St , which indicates that all the foliar structures 

/f# /« / 21 00 3 

of this flower arc arranged spirally, and that the calyx consists of five sepals with the 
divergence a / 6 , the corolla of eight petals with the divergence 3 /„, and the andrcecium of 
an indefinite number of stamens with the divergence It would however be sufficient 
in this case, since the spiral arrangement runs through the whole flower, to place the 
symbol only once before the whole formula, thus ^ 2 / 0 c ^ 3 / g M ^ b / <M *> 

In flowers with a cyclic arrangement of their parts a statement of the angle of 
divergence is generally unnecessary, since the members of each whorl usually arise 
simultaneously, and are arranged so as to divide the circle into equal parts. When 
they do not arise simultaneously but successively in the circle with a definite angle 


See also Kohrbach, Bob Zeitg. 1870, pp. 816 et st 
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of divergence, as in most trimerous or pentamerous calyces, this can be indicated by 
placing the angle of divergence after the number of the members ; thus the formula for 
Linacea* would be 6’ a a /r. P 6 5/ 6 If, on the other hand, the members of a whorl are 

formed in succession from front to back, this may be shown by an arrow pointing 
upwards as in the formula for Papilionaceae SJ P n ] St r , T + r ,f if they are formed 
in succession from back to front, the arrow may be made to point downwards j, as 
in the formula for Reseda P n \ St p [+ q [ C r , where the number of the parts is expressed 
by letters instead of figures in consequence of its variability 1 . 

4. Order of Development of tlx Parts of the Flower. The foliar structures arise on the 
axis of the floral shoot, as on other axes, in acropetal order below the growing apex. It 
is however not uncommon in the formation of flowers for the apical growth of the axis to 
cease altogether or to become extremely slow, while the receptacle continues to increase 
in breadth, and to develope transverse zones of intercalary growth. When this is the 
case the acropetal order of development is disturbed, and new whorls may become 
interposed between those already in existence. But even within the same floral whorl 
the individual members may be formed in a very different order of succession, according 
as the zone of the receptacle which bears the floral leaves is developed in a uniform 
manner all <Vound (as in polysymmetrical flowers) or more rapidly on the anterior or 
the • posterior side (which is especially the case in monosymmetrical or zygomorphic 
flowers). 

In flowers with a spiral arrangement of their parts 2 , disturbances of the acropetal 
order of development are of less importance the more numerous the parts with a spiral 
arrangement, and the longer the apical growth of the floral axis continues. Those mem- 
bers which have a spiral arrangement arise one after the other in ascending order; the 
angle of divergence may either be constant or may change. Thus, according to Payer, 
in Ranunculacese and Magnoliaceit the perianth-leaves and stamens arise in a con- > 
tinuous spiral, but each turn of the spiral consists of a larger number of stamens 
than of perianth-leaves; thus, e.g. y in Helleborus odorus y where all the organs of the 
flower are arranged spirally, the corolline turn includes only thirteen petals, while 
each turn of stamens numbers twenty-one. According to Braun the turns of the 
calyx of Delphinium Consolida have a 2 /a arrangement 3 ; the divergence then under- 
goes a small change, but without materially deviating from */ ft ; the first turn with this 
altered arrangement is the corolla; the three following ones are the stamens, and the 
spiral terminates with a single carpel. In the section Gnridella of Nigella the first of the 
turns with a 2 / 5 angle of divergence is the calyx and the second the corolla; then follows 
a slight change in the angle to 3 /» the stamens forming one or two turns with this 
arrangement; and the spiral closes with three or four carpels. In the section Delphi - 
nellurn of Delphinium the calyx constitutes a turn with 2 / 5 , the corolla one with 3 /x 
angle of divergence ; then follow Inyo or three turns of stamens with the angle very 
near s / 8 , the spiral closing with three carpels. In the section Staphisagria of the same 
genus, and in Aeonitum y the calyx forms a turn with 2 / n , the corolla one with 8 /« angle ; 
the stamens stand in one or two turns with the divergence 721 or ’7.14 » concluding 
with three, five, or rarely a larger number of carpels. It must be noted in reference to 
these arrangements that the members of successive turns stand in orthostichics when 
the angle of divergence remains constant ; but that the orthostichics pass into oblique 
rows when the divergence undergoes a small change. 

The first thing to observe in cyclic flowers (/. e . those in which the parts are arranged 
in whorls) is the order of formation of the whorls with respect to one another, and then 

1 See Payer, Organogenie do la fleur ; also the next paragraph. 

2 Compare Payer, Organogenic dc la fleur, pp.707 et>eq.\ and Braun, Jahrb.fiii wisscnsch. Bot. I, 
Uel*cr den Bliithenbau der Gattung Delphinium . 

3 Compare with this what is said below respecting sepals and petals which are formed with the 

angle of divergence 7, and %. 
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the order in which the members of each whorl are themselves formed; although the 
two are in fact closely connected. A disturbance of the acropetal order of succession in 
the formation of the whorls occurs when the carpels have begun to be formed before all 
the stamens which stand below them have been produced, as in Rubus , Potentilla> and 
Roja\ or when the calyx is not formed until after the androecium (as in Hypericum 
cnlycinum according to Hofmeister), or when the calyx is not observable until after 
the corolla has become considerably developed or even after the formation of the 
stamens and carpels, as in Composite, Dipsacaceae, Valcrianaceae, and Rubiaceae. 

One of the most remarkable deviations from the general rule of the order of develop- 
ment of the floral whorls occurs in Primulaceae, where five protuberances (primordia) 
appear on the receptacle above the calyx, each of which grows up into a stamen, while 
on the posterior or lower side of the base of each primordial stamen a lobe of the corolla 
subsequently appears' 1 2 * . Pfeifer, who has observed this order of development (Jahrb. fiir 
wissensch. I 3 ot. vol. VII. p. 194), considers that the same probably also happens in the 
pentandrous Hyperieinese and in Plumbagineae ; he therefore explains the corolla- 
lobes as posterior outgrowths of the stamens (a posterior ligular structure), such as, for 
instance, occur on the stamens of Asclepiadeae in the form of hood-shaped nectaries, 
where a true corolla is also present. The flowers of Primulaceae would therefore be 
strictly apetalous in the morphological sense of the word, since their corolla is not a true 
floral whorl, but only an outgrowth of the staminal whorl. In other families of Dicoty- 
ledons, on the other hand, superposed corollas and an dreed a arise separately and in 
acropetal order; as, for instance, in Ampeiideac, probably also in Rhainnaceie, Santalacca*, 
and Chenopodiaceae. 

The individual members of a floral whorl may arise in succession from front to 
back or the reverse, especially when the flowers themselves are subsequently developed 
zygomorphically. Thus, for instance, in Papilionaceae the anterior median sepal is 
formed first, then simultaneously one to the right and one to the left, and finally the 
two posterior ones; but before these last arise the two anterior petals appear, followed 
by the two lateral and finally the posterior one ; and the andrceeium, consisting of two 
alternating whorls of five stamens each, is formed in the same manner from front to 
back*. In the Resedaccx, on the contrary {Reseda and Astrocarpus ), Payer states that 
the petals, stamens, and carpels arc developed from behind forwards on both sides (cf. 
*’ig. U 5 , P- 187). 

When the calyx consists of pairs of sepals, those of each pair arc formed, as Payer 
has shown, simultaneously ; but if the calyx consists of three or five sepals, they are 
usually formed one after another, and with the angle of divergence in the one case 7 »> in 
the other 2 / a ; but the succeeding whorls, the petals, stamens and carpels, usually arise 
as simultaneous whorls, with the exceptions already named and others still to be 
spoken of. 

It is well to draw attention here to the circumstance that it does not follow from the 
order of succession advancing from one point, with a definite angle of divergence, say 
1 /a or 2 /r»> that the arrangement is a spiral one 4 ; it may just as well in such cases be a 
whorl. The nature of the arrangement depends on the circumstance whether the foliar 
structures in question are formed at the same height or not, i. e . at an equal distance 
from the centre of the flower; if this is the case, we have a whorl ; but if the members 


1 Compare Hofmeister, Allgcmeine Morphologic, pp. 463 et seq., where Payer’s observations on 
this point will also be found. 

a [According to Frank tUeb. d. Entvvick. cinig. Bliilhen, mit bes. Bcriicksichtigung dcr Theorie 
der Interponirung, Jahrb. f. wiss. Iiot. X 1876), the stamens and petals of the Fi imulaceac arise 
independently, but they fuse with the stamens during their development, and subsequently become free 
again.] 

:t On the nearly related Cwsalpincsc see Rohrbach, Hot Zeilg. 1870, p. 826. 

4 Compare the successive true whorls of Chara and Salvitiia , pp. r8j, 191, 293, 449. 
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arise in acropctal order at different heights, i.e. approaching the centre of the flower 
with each step in the divergence, the arrangement is a spiral one. The last appears to 
be actually the case in many calyces ; but it is doubtful whether it ever occurs where the 
angle of divergence of the sepals is 7a or 2 /r. 

We must now refer again to the cases already mentioned, where new members of a 
whorl are formed between those already in existence and at the same height 1 . In the 
Oxalidex, Geraniacea:, Rutacea:, and Zygophyllaceaj, an entire whorl of five stamens is 
thus interposed between those already present; according to Payer, in Peganum Iiarmala y 
a whorl of ten stamens is even formed in this manner, arising, not in pairs between the 
first five, but lower down at the bases of the petals; whether the later formed stamens 
arise on the same level with the first, or lower down, is obviously regulated according to 
the space afforded by the changes of form of the growing receptacle. A still further 
departure from the ordinary process occurs in the Aeerincx, Ilippocastancx, and Sapin- 
daccx, where Payer asserts that a whorl of five stamens is first of all formed alternating 
with the corolla, in which an imperfect whorl of two or four stamens is subsequently 
interposed at the same height, as is shown by his illustrations. In ‘ Trojxtolum , on the 



other hand, according to Payer and Rohrbach 2 , three stamens first of all appear after 
the formation of the petals, and then between them five others, the distance of which 
from the centre of the flower is however rather greater than that of the three earlier 
ones. 

5 - Symmetry of the Flower. If the observations which will be found on pp. 187 et seq. 
under the head of General Morphology arc now applied to the floral shoot, it is seen 
that true symmetry and distinctly bilateral structure occur here far more commonly 


1 Compare also on this point Pfeifer, Jahrb. fiir wiss. Hot. vol. VIII. p. 205 

kohrbach (Lot. Zeilg. Nos. 50, 5 f ) however gives a different explanation to these obser- 
vations from that mentioned here. The equal or greater distance at which the later stamens aiise 
horn the centre of the flower is a distinct proof that one cannot in this case suppose that the parts 
are produced in a spiral arrangement adducing from without inwards. [See note on p. 601. 
Assuming the correctness of Payer s observations, these are instances of incomplete obdiplostemony. 
According to Ruchenau r Morph. Rcmerk. iih. cinigc Acerineen. Rot. Zcitg. 1861), all the stamens are 
dcvelojied simultaneously in the Aeerinca*.] 
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than on the vegetative shoots. In contrast to the lax mode of expression used by many 
botanists, I understand by Symmetrical Structures those which may be divided into two 
halves, each of which is an exact reflex image of the other. If a flower can be divided 
in this manner by only one plane, I call it simply symmetrical or monosymmetrical ; if, on 
the contrary, it can be symmetrically divided by two or more planes, it is, as the case 
may be, doubly or poly symmetrical. The happy expression zygomorphic already used by 
Braun may be applied equally to monosymmetrical flowers and to those polysymmetrical 
ones in which the median section produces halves of quite a different form from 
those caused by lateral section (e.g. Dicentra ). 1 apply the term regular to a poly- 



I : IC 4 if) —ZytC>ni«»r|>hu flower of i'o/kmmai Srhterffatut • A entire flower after removal of two sepals ; /■' androrcium ; 

urn; /Mhe tohcicnt anthers magnified nnd see-n fioin behind; /: horizontal section of the ovary; F diagram ; 

a unthcis, » stigma, £ stylo, /"/■ o\«uy, .7 the stnnnnode de\ eloped into a nectary,// the lateral oblique placentae. 


symmetrical flower only when the symmetrical halves produced by any one section are 
exactly like or very similar to those produced by any other section ; or — which comes 
to the same thing— when two, three, or more longitudinal sections divide a flower into 
four, six, or more equal or similar portions. 

In exactly defining the symmetrical relations of a flower, the relative positions of the 
parts, as represented by the diagram, must first of all be distinguished from the entire 
form of the flower, such as is realised in the development of the organs. 

If attention is paid first of all only to the relative positions of the parts, it is clear 
that they can never be distributed symmetrically in flowers with a truly spiral structure; 

r r 2 
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while in hemicyclic flowers those members at least which are arranged in whorls may 
possibly be distributed symmetrically. If, on the contrary, the parts are all arranged in 
whorls, they are usually distributed monosymtnetrically or poly symmetrically on the 
receptacle. Thus, for example, the diagram Fig. 406 can be divided symmetri- 
cally and regularly by three planes, Fig. 407 by four, and Fig. 408 by five planes. 
The diagrams Fig. 409 B and C, as well as Fig. 410, can, on the contrary, be symmetri- 
cally halved by only one plane, which is at the same time the median plane. The diagram 
Fig. 4 1 1 can be divided by the median plane into two symmetrical halves which are 
unlike those produced by the lateral section ; this diagram is, like those in Figs. 409 B, C 
and 4ro, zygomorphic, but is doubly while these are only singly symmetrical 1 . 

The symmetry of mature unfolded flowers is indeed usually connected genetically 
with the relations of symmetry of the diagram (which represents only the position and 
number of the parts); as will be made clear by a comparison of Figs. 416 and 418 with 
Fig. 410 But inasmuch as the entire form of the mature flower is essentially deter- 



r»C 417.— /’yt;.-rtnorj>hir flower »»f Pol veal ■* ^tan.ls/lo* a „ 1 «-«tirr flower scon from the *.Me lifter removal of 
•p.»I k . 1 ' flower ilivuhvl s>inmtirtcaHv without the j;yi»:rr»Miui , ( the ^jna-iemn ti>, uglified ; P horizontal sectiot 
of the m ir} , J median longitudinal se- tton of the ovary; F horizontal •section of the (lower; k calyx, i enroll.*. 
it statnmal tube, r/ >/y n,J ph'* ri ‘» f ovary. style, ti stigma, sk ovule*., xx the lul*t* formed by the adhesion of tin 
petals and stamen , 

mined by the shape, size, torsion, and curvature of the separate parts, these circum- 
stances also exert a preponderating influence on the relations of symmetry of the open 
flower, and to such a degree that even flowers which have their parts arranged spirally 
may become monosymmetrically zygomorphic in reference to their entire form, as is 
the case to a high degree, for example, in Aconitum and Delphinium . It must however 
be observed that the zygomorphisin of the flower is here brought about principally or 
entirely by the calyx and corolla, the spiral arrangement of which may perhaps still be 
doubtful, but which always occupy so narrow a zone on the receptacle that their position 
may be considered practically to be verticillate. If, on the other hand, the floral axis is 
sufficiently elongated to show that the arrangement is a distinctly ascending spiral one, 
as in the perianth and andrrccium of Nymphcra and the androccium and gynacceum of 
Magnolia, the subsequent development of the organs appears also not to show any zygo- 
morphic nor indeed generally any kind of actually symmetrical arrangement. 

1 The beginner may make these relations more evident to himself by placing a small mirror with 
a smooth edge vertically upon the paper so as to bisect the diagram. 
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The zygomorphic and monosymmetrical form occurs, on the contrary, very com- 
monly in those flowers the parts of which are arranged in whorls. A very distinctly 
zygomorphic arrangement is not unfrequently united with a partial or entire abortion of 
particular members, as, e,g, t in Columnea , Fig. 416, and other genera of Gesneraceae, 
where the posterior stamen is transformed into a small nectary; while in Labiate 
it is entirely wanting. This abortion is 
carried still further in Orchideae, where, 

of the six typical stamens, only the jj ^ 

median anterior one of the outer whorl x /X*^) 7 

or the two lateral anterior ones of the s ,\V 

inner whorl are developed (see Fig. . Co L //jBfffi? 1 

410). The ultimate monosymmetrical \\[ ^ 'IWMr \i / 

arrangement is sometimes to a certain J \V mf/J \ )| 

extent indicated by the order of their ^ aHF* M l I/I 

formation, even in the rudimentary con- Vu /7 

dition of the parts of the flower, when ■Bll/ftW 

their origin is not simultaneous in the ^ RP///»v1 

whorl, and does not progress with a j x Hf/ 1 

definite angle of divergence, but is so f \ vR[ «) § / ^ 

arranged that the development com- y ) V^J « I / J 

mences with one anterior or one pos- \ S \/ 1 W£f 

tenor member, and then advances ■ \Xwil 

simultaneously right and left from the \ \ if 

median line towards the opposite side U J 

of the whorl. Examples have already / 

been given of this arrangement in f 

Papilionaceac in the one case and Re- ^ * ^7 

sedaceac in the other. \ \ {( uk/if / 

In the zygomorphic flowers of Fu- \ N \ I 

mariacea:, the diagram (Fig. 4 t 1 ) is, as l h 

we have already pointed out, svmme- \ 

trically divisible in different ways by ’ 

two planes. The anterior and posterior nH ton * ^ ' (^l 

halves, symmetrically similar to one jjft+ff RKr M 1 \ ! I 

another, are unlike the right and left ■IiffjlKr f / x J 

halves, which again are symmetrically III MM 1 / 

alike. 1‘his is the arrangement of the III ^ 

parts in the mature flower of Dicentra ; T »ff» 

in Fun, aria anti Corydalis the right side L / yi;uu ,r <v, h - t 

is developed differently from the left, divided symmrim .«iiy through the- middle ■, Mransvetsc «,e<iiu» 

. of the bin! ; (. hou/ontal so i lull of the ovary; D entire mature 

one producing a spur, the other not; flower, one o| the lateral perianth-leases liacing Seen removed ; 

while the anterior and posterior sides 

remain symmetrical. In this case there- stl,uun * u st ‘ llnuUMlcs * v* Kym^ujiaimi. pi poUmmm. * its viscid 

J .!■ . (ictinnculuin), ip spur of the labellutn, f the inferior ovary, 

fore the plane ot symmetry coincides twisted ill /> (rciupinate) (compare the diagram Fig. 4*0)* 
with a lateral section. In the zygomor- 
phic flowers of some Solanacea* the plane of symmetry and the median plane intersect 
at an acute angle. But by far the greater number of zygomorphic monosymmetrical 
flowers are so constructed that the median plane coincides with a longitudinal section 
which divides the flower symmetrically; as for instance in Labiate, Papilionaceac, 
Orchideae, Scitamineae, Lobcliaccac, Composite, Delphinium , and Aconitum L The zygo- 
morphic development is especially prevalent in the lateral flowers of spicate, racemose, 


Fl<». 41N -—ZyjfoinorpliK (lm\ir of Orihfv mamlota • -f 1>ud 
divided symmetin .illy through the middle ; A’ transvetsc sec turn 
of the bud ; (. hon/ontul set tluii of the ovary; D entire mature 
flower, 011c o| the lateral pcriantli-leaces liacing been removed; 
.v mother avis of tin flower; A bract, 1 outer, p inner perianth- 
leaves— the posterior one / becomes the labcllum, a the single 
stamen, rf staimnodcs, e.v t'ynosic.mium, pi polhnmm, h its viscid 
-?* . (letin.uuluin). ip spur of the labellutu, f the inferior ovary, 
twisted in D (resupinatc) (compare the diagram Fig. 410). 


1 In observations of this kind attention must be paid to torsions such as occur in the ovary of 
Orchidere, the flower-stalk of Fuiuariaceiv, the Laburnum, &c. 
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or paniculate inflorescences; but is found also in those that are cyrnose and that have 
all the flowers terminal (Labiatse and Echium ). It seems as though the vigorous 
development of the principal rachis of the entire inflorescence — whether the final 
ramifications arc cyrnose or not — often determines a zygomorphic development of 
flowers, as is shown in Labiatsr, Scitamineae, and AUsculus. The formation of a vigorous 
pseud-axis appears to exercise a similar influence in the case of sympodial inflorescences 
(as in Echium ). 

6. The Fruit of Angiosperms is the mature ovary which contains the ripe seeds and 
has undergone physiological changes as the result of fertilisation. The style and stigmas 
are frequently deciduous (as in Cucurbit a , Grasses, See.). Some of the ovules not un- 
frequently disappear, and the number of seeds is thus less than that of the ovules. 
When all the ovules of one or more loculi of a multilocular ovary disappear in the 
process of ripening, only the fertile loculus continues to grow; the others become 
partially or entirely suppressed, and can be recognised only with difficulty or not at all. 
A multilocular ovary may thus produce a unilocular, and often a onc-seeded fruit. Thus 
from the trilocular ovary of the Oak, each loculus of which contains two ovules, results 
a unilocular one-seeded fruit, the acorn. A less complete disappearance of two or four 
loculi together with their ovules occurs in the tri- or quinqui-locular ovaiy of the Lime, 
the fruit usually containing only one seed. 

Parts of the flower again which do not belong to the gynxeeum, or even not to the 
flower, undergo changes resulting from fertilisation. The entire structure which is thus 
formed may be termed a Pscudncarp, and may be composed of a single fruit or of a 
number of true fruits together with the surrounding parts which have undergone 
peculiar development. Thus, for example, the strawberry is a pseudocarp, the axial 
part (or receptacle) of the flower swelling out and becoming fleshy, and bearing on its 
surface the true small fruits. In the ‘hip’ of the Rose the hollow urn-shaped flower- 
stalk (a;ain the receptacle) encloses the separate ripe fruits in the form of a red or 
yellow succulent envelope. The apple is also in the same sense a p^eudocarp; and the 
mulberry results from a whole spike of flowers, the perianth-leaves of each separate 
flower swelling and becoming fleshy and enclosing the small dry fruit. In the fig the 
hollowed* out stalk of the whole inflorescence forms the pseudocarp, bearing the fruits 
inside. 

Starting from the definition that a fruit is always the product of a single ripe ovary, 
it follows that several fruits may arise from one flower, whenever, namely, there is more 
than one monocarpellary ovary in the flower; in other words, when the flower poly- 
earpellary and apocarpous; each carpel therefore produces a simple ft nit. The simple 
fruits, taken together, may bo termed an aggregate fruit, but it would be much better to 
apply to it the term Syncarp . Thus, for example, the small fruits resulting from the 
flower of Rat nine ulus or Clematis or the larger ones from the flower of Pcconia or Hclle - 
borus, form together a syncarp. Of a similar character is the blackberry, consisting 
of a number of drupe-like fruits, the product of a single flower. The fleshy receptacle 
of the Rose-hip again encloses a syncarp, but the separate fruits constituting it arc in 
this case dry and not fleshy. The syncarp must not be confounded with the pseudocarp 
resulting from an entire inflorescence, as in the cases of the mulberry and fig already 
named, or the pine-apple, or Bent burnt a fragifra . 

The single multilocular ovary of a flower may undergo transformation so as to pro- 
duce two or more parts, each containing seeds, and appearing like simple fruits, and 
hence termed Mcricarps, while the whole fruit is called a Schizocarp . This separation 
may take place at a very early period in the process of the formation of the fruit ; as in 
T ro/xpolum, where each loculus, enclosing a single seed, becomes rounded and at length 
entirely separated from the others as a closed mcriearp; and in Boragineae and 
Labiatse, where each of the two carpels produces two one-seeded chambers, all four 
becoming at length completely separated, and surrounding the style as distinct mcricarps 
(here called Carceruli ); or the separation only takes place by the splitting and rupture 
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of certain plates of tissue in the fully ripe fruit (as in Umbelliferae and Acer), then termed 
a Cremocarp, where the fruit breaks up into two one-seeded halves or mericarps by the 
splitting of the dissepiment or ‘ carpophore * along its length* The quinquilocular fruit 
of Geranium splits up in the same manner into five one-seeded mericarps. 

True single fruits are in general unilocular or multilocular, according as the ovary 
was divided or not. But the unilocular ovary may produce a multilocular fruit by 
spurious dissepiments', i. e. such as cannot be considered as the reflexed margins of the 
carpels ; and the loculi of such a fruit may lie cither one above another or side by side. 
The compartments, for example, of the legume (lomentutn) of some Papilionaceae and 
of Cassia fistula lie one over another, while the two spurious loculi of the legume of 
Astragalus lie side by side. A multilocular ovary may, vice versa, produce a unilocular 
fruit by the suppression of one or more loculi, as in the Oak and Lime. A classification 
of fruits into monocarpellary and polycarpellary cannot therefore be carried out as it 
can be in ovaries ; the terms having now a different application. 

The wall of the ovary becomes the wall of the fruit or Pericarp . If sufficiently thick, 
it can generally be divided into two or three layers, the tissue of which is developed 
differently; the outer one, often nothing but the epidermis, is then called the Epicarp, 
and the inner one the Endocarp . If another one lies between these, it is called the 
Mesocarp, or when it possesses a fleshy character, the Sar cocarp. 

Using the nomenclature which has now been described, wc may classify all true 
fruits into two principal sections, and each of these again into subdivisions, according to 
whether the pericarp consists, when the fruit is ripe, of succulent fleshy layers or not, 
and whether the fruit dehisces in order to allow the escape of the seeds which become 
detached from the placentae, or not ; viz. 

A. Dry Fruits. Pericarp woody or tough and leathery, the cell-sap having 
disappeared from its cells. 

a. Dry Indehiscent Fruits. The pericarp docs not split open, but encloses the 
seed till germination; the testa is thin and membranous, and but little 
developed. 

(<i) One-seeded dry indehiscent fruits. 

1. The Nut or Gians ; the dry pericarp is thick and hard, and consists of 

lignified sclerenchymatous tissue; e.g. the Hazel-nut. 

2. The Cary apsis or Achenium : the dry pericarp is thin, tough, and 

leathery, in close contact with the seed, and separable or not from 
the testa; as the fruit of Composite, Grasses, the Sweet-Chestnut. 

($) Bi- or multilocular dry indehiscent fruits. 

3. These are mostly Schizocarps splitting lip into Mericarps, each of 

which resembles a nut or achenium; e.g . UmbcUiferae, Geraniacese. 
When the mcricarp is winged, as in Acer, it is called a Samara. 

h . Dry Dehiscent Fruits or Capsules in the more general sense. When the 
lruit is perfectly ripe, the pericarp bursts or splits to allow the escape of the 
seeds, which are themselves clothed with a strongly developed usually hard or 
tough testa. They generally contain more than one seed. 

(a) Capsules with longitudinal dehiscence: — 

4. The Follicle consists of a single carpel which splits along the ventral 

suture or coherent margins of the carpels which bear the seeds ; as 
in Pceonia, Aqnilegia , and Illictum anisaumi ; in Asclepias the thick 
placenta also becomes detached. 

5. T he Legume consists also of a single carpel, which however splits not 

only along the ventral but also along the dorsal suture, ami thus 
separates into two halves; Phaseolus, Pisum . 
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6. The Siliqua consists of two carpels which form a bilocular fruit with a 

longitudinal (spurious) dissepiment ; thn two halves of the pericarp 
separate from the dissepiment and the placenta: which remain behind 
{rtf plum) ; Crucifer a:. 

7. The Capsule (in the narrower sense of the term) results from a poly- 

carpellary unilocular or multilocular ovary, and splits longitudiiifcHy- 
into two or more lobes and valves, which separate from one another 
only partially from the apex downwards (as m Cerastium ), or entirely 
to the base. If, in a multilocular fruit, the fissures cause the dis- 
sepiments themselves to split, the dehiscence is septicidal (as in 
Colchicum) ; if, on the c ontrary, the fissure is in the middle between 
each pair of dissepiments (i. e. along the dorsal suture of the carpels), 
the dehiscence is loculicidal (as in Tulipa and Hibiscus) ; if again a 
part or the whole of each dissepiment remains attached to a central 
column (which in the latter case is winged), from which the valves 
/ become detached, the dehiscence is septifragnl (as in Datura j 1 . If 
the capsule results from a unilocular polycarpellary ovary, the 
separation of the valves may take place either at the sutures cor- 
responding to the septicidal dehiscence (as in Genti/wa), or in the 
middle between them, corresponding to the loculicidal dehiscence 
(as in Viola ). 

(ft) Ca; sulcs with transverse dehiscence: — 

8. The Pyxidium opens by the separation of an upper part of the pericarp 

which falls off like a lid, while the lower part remains attached 
to the flower-stalk in the form ot an urn (e.g. Plantago , 1 lyoscy- 
amus , Anagailis ). 

(y) Capsules opening by pores : — 

9 . The term Pore-capsule might be given to those in which openings of 

small si/e result from small valves becoming detached at certain 
points of the pericarp; the small seeds being shaken out by the 
wind through these openings (e.g. Papaver, Antirrhinum). 

P>. Sitci’LENT Fri'ITS. The tissue of the pericarp or certain layers of it remain 
succulent until the fruit is ripe, or assume a fleshy pulpy texture. 

c. Succulent Indehiscent Fruits. The succulent pericarp does not burst, and 
the seeds therefore do not escape. 

jo. The Drupe or Stone-fruit . A mesocarp of fleshy texture and usually 
considerable thickness lies within a thin epicarp; the endocarp 
forms a thick hard layer (the stone, called also the putamen) which 
usually encloses only one seed with a membranous testa (the Plum, 
Cherry, Peach, &c.). 

11. 1 he Berry. The rest of the tissue of the pericarp is developed in the 
form ol a succulent pulp within a more or less tough or hard 
epicarp, the seeds being imbedded in the pulp and surrounded by a 
firm or even hard testa. The berry is distinguished in general from 
the drupe by the absence ot a hard endocarp, and usually contains 
more than one seed (as the Currant, (Jourd, Pomegranate, Potato- 
berry), but sometimes only one (as the Date). Closely resembling 
the berry is the fruit ot the various species of Citrus , sometimes 
called Hesperidium , the pericarp of which consists of a leathery 

[Septifragal dehiscence may take place cithci seplichlally ''as in Rhododendron, Kalinin ) or 
loculicidally (Datura). J 
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outer layer and a pithy inner layer ; at a very early period multi- 
cellular protuberances are developed from the innermost layer of 
tissue of the wall of the multilocular ovary, which gradually fill up 
the cavity of the loculi of the fruit with isolated but closely 
crowded succulent lobes of tissue, and form in this case the pulp. 
d. Succulent Dehiscent Fruits. The succulent but not fleshy pericarp splits and 
allows the escape of the seeds which have usually a strongly developed testa. 

12. The term Succulent Capsule might be given to those fruits the 

succulent pericarp of which opens by dividing into lobes, and allows 
the seeds to escape (as in the Horse-Chestnut and Balsam). 

13. The fruit of the Walnut corresponds again to the drupe; the outer 

succulent layer bursts, a stony endocarp surrounding the thin- 
skinned seed. It might be called a Dehiscent Drupe . 

14. The fruit of Nuphar bears more resemblance to a berry, but differs in 

the bursting of the outer firm layer of the pericarp; it may be 
termed a Dehiscent Berry; in N. advena this exposes an inner 
coating of each loculus of the fruit, which 'floats for some time on 
the water like a bag filled with seeds. 

The enumeration here given includes only the more common forms of fruits; there 
are a number of others which cannot be placed exactly in any of the above categories, 
but to which no special name has been given x . 

The Ripe Seed depends, as respects its external nature, on the development of the 
pericarp. The testa is in general thicker, firmer, and harder in proportion to the 
softness of the pericarp, especially when this latter bursts to allow the dispersion of 
the seeds. When, on the contrary, the pericarp is tough or woody, and encloses the 
seeds until they germinate, as in the caryopsis, nut, drupe, and schizocarp, the testa 
remains thin and soft, as also when the endosperm is strongly developed and very 
hard and encloses a small embryo, as in the Date and Phytelephas . The testa of 
the seeds of dehiscent fruits is usually covered by a distinctly differentiated epi- 
dermis ; and it depends on the configuration of this epidermis whether the seed has a 
smooth appearance (as in the Pea and Bean), or displays a variety of sculpturing, such as 
pits, warts, bands, and so forth (as in Hyoscyamus , Datura , Pa paver, Nigella , &c.). The 
epidermal cells of the seed not unfrequently grow into hairs; cotton consists, for 
example, of the long woolly hairs which clothe the seed of Gossypium; in some cases 
only a pencil-like tuft of long hairs is developed, as in Asclepias syriaca . The epidermal 
cells of some seeds, as the Flax, Quince, Plantago Psyllium , arenaria> and Cynops , contain 
layers of cellulose which have become converted into mucilage, swell up strongly with 
water, become separated, and envelope the seeds when moist in a layer of mucilage. 
Pericarps which are indehiscent and which contain small seeds not unfrequently assume 
a character closely resembling that of the testa of the seeds of dehiscent fruits; and 
this is especially the case with the achenium and caryopsis, which are hence popularly 
called seeds. The corona of hairs which serves as an apparatus for the dissemination of 
many seeds through the air is frequently developed in the caryopsis as an appendage of 
the pericarp (as the pappus of Composite, which properly replaces the superior calyx). 
The wings answering the same purpose which are formed during the development of 
the testa of some seeds in dehiscent fruits (seen in an especially beautiful manner in 
Bignotiia) recur again on the pericarp of indehiscent fruits (as in Acer ). The muci- 
laginous epidermis spoken of above of the seeds of dehiscent fruits recurs in the epi- 
dermis of the carcerulus of Salvia and other Labiatae, &c. These and a number of 
other facts show that all that is essentially required in the development both of the 

1 [For other recent attempts to classify fruits, see Dickson, Brit. A.ssoc. Rep. 1871, aUo Nature, 
vol. IV. p. 347, and Journ. of Hot. 1871, p, 310; McNjib, Nature, vol. IV. p. 47 a » Masteis, 
Nature, vol. V. p. 6; ami Gray, Stiuctural Botany.] 
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pericarp and the testa is to furnish means for the dissemination of the seeds in various 
ways; structures which are morphologically very different thus attaining the same 
physiological development, while those which are morphologically similar attain the 
most various physiological development. A detailed enumeration is therefore more in 
the province of physiology and biology than in that of morphology and classification. 
(See Book III.) 

To complete the subject of nomenclature, it only remains to remark that the part 
of the seed where it has become detached from the funiculus — usually easily distin- 
guished after falling out— is termed the Hilum or umbilicus. The micropyle is often 
also to be recognised, lying, in analropous and campylotropous seeds, close beside the 
hilum (as in Faba, Phaseolus , and Corydalis ), generally as a wart pitted in the middle. 
When outgrowths occur on the seed, either along the raphe, as in Chelidonium majus. 
As arum, Viola , &c., or as a cushion covering the micropyle as in Euphorbia, they are 
variously called Crest , Strophiole , or Caruncle . The Aril which envelopes the base of the 
ripe seed or the entire seed as a fleshy succulent mantle and is easily removed from the 
true firm testa has already been described in detail. 


CLASS XI. 

MONOCOTYLE 1) O N S. 

• The Seed of Monocotyledons usually contains a strongly developed endosperm 
and a comparatively small embryo ; and this is exhibited in an especially striking 
manner in large seeds, such as those of Cocos, Phanix , Phyklephas , Crinum , &c. 
In the Naiadex, Jtmcaginex, Alismacex, and Orchidcx*, the endosperm is wanting 
from the first ; and in the Scitaminex, where it is usually wanting, it is replaced by a 
copious perisperm. 

The Embryo is usually cylindrical, fusiform, and sometimes considerably 
elongated, and is then also curved spirally (i\g. in Potamogeion and Zanicht Ilia ) ; 
its form is not unfrequcntly that of an erect or inverted cone, in consequence of 
a considerable thickening of the upper end of the cotyledon. The axis of the 
embryo is generally very short and small in comparison to the cotyledon ; in 
the llelobix on the contrary the axial portion of the embryo forms the greater 
part of it. At the posterior end of the axis is the rudiment of the primary root, 
in addition to which two or more lateral roots also originate in Grasses, which, like 
the primary one, are surrounded by a root-sheath (Fig. 124, see also p. 588). The 
embryo of Grasses is also distinguished by the presence of the Scukl/um , an 
outgrowth of the axis beneath the cotyledon, which envelopes the whole of the 
embryo like a mantle, and forms a thick peltate plate on the posterior side where 
it is in contact with the endosperm 1 . In the Orchidcx, Apostasiacex, and Bur- 

1 [Van Tieghcm (Ann. des Sci. Nat. 5th series, vol. XV, 187;) gives a useful summary of the 
various views which have been held with respect to the homology of the paits of the embryo of 
Grasses. lie regards the seutellum as the cotyledon, and what Sachs considers the cotyledon as only 
its strongly developed ligule. According to Hegclmaicr (Hot. Zeitg. 1874) the cotyledon of Grasses 
consists of two parts; the one forms the scutellum, the othei forms a sheath round the plumule.] 
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manniaceae, the parts of the embryo of the ripe seed are not differentiated; it 
consists of a round mass of tissue on which the plumule is developed only during 
germination. 

Germination 1 either begins at once with the lengthening of the roots— their 
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protrusion causing in Grasses the rupture of the root-sheath which envelopes them, 
and which remains attached to the axis of the embryo as the coleorhiza (Fig. 123),. 
— or, as is more commonly the case, the lower part of the cotyledon lengthens, 


1 Sec Sachs, Hot. Zeitjj. 1862 ami 
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and pushes the end of the root, together with the plumule which is enveloped 
by the sheath of the cotyledon, out of the seed (Fig. 419), while its upper part 
remains in the endosperm as an organ of absorption, until the endosperm is 
consumed. In Grasses, however, the whole of the plumule projects from the seed, 
the scutellum only remaining behind in it, in order to convey to the embryo the 
food-material contained in the endosperm. 

The growth of the primary root of Monocotyledons soon ceases even when 
it is very strongly developed during germination, as in Palms, Liliaceoe, Zca, &c.; 
lateral roots are produced in its place, springing from the axis, which are stronger 
the higher up they are produced on it. No such permanent root-system is 
developed from the primary root of Monocotyledons as is found in Gymnosperms 
and in many Dicotyledons; sometimes no roots at all are produced, as in some 
Orchidaceous saprophytes destitute of chlorophyll (as Epipogium and Coral lor hiza), 
which never possess any roots. 

The plumule of the embryo is usually completely enclosed in a single 
sheath-like structure, the first leaf or cotyledon, which developes either into a 
sheath-like cataphyllary leaf or at once into the first green foliage-leaf of the 
young plant (as in Allium). Within the cotyledon there is generally a second 
and sometimes (in Grasses) a third and fourth leaf, which protrude on germination 
out of the sheath of the cotyledon, increasing by intercalary growth at their base ; 
these and the leaves which are formed subsequently are larger the later they are 
formed on the growing axis. The axis usually remains very short during germi- 
nation without forming any distinct internodes {Allium, Palms, &c.), or it lengthens 
more rapidly' and becomes segmented into evident internodes (Zea and other 
Grasses). 

The increase in strength of the plant may take place by the powerful growth 
of the axis of the embryo itself, so that this at length forms the primary stem 
of the mature plant bearing the organs of reproduction, as for instance in mo^t 
Palms, Aloes, Zea, &c. If the axis of the embryo remains short while it increases 
in strength, it may grow considerably in thickness and form a tuber (Fig. 420), 
or, if the bases of the leaves become thick (as in Allium Cepa ), a bulb. If the 
axis of the embryo itself developes into the primary stem, whether into an upright 
one or a creeping rhizome, it first of all takes the form of an inverted cone, wdiich 
is elongated or abbreviated according to the length of the internodes. This 
peculiarity, which belongs to most Monocotyledons in common with Ferns, depends 
on the absence of any subsequent increase in thickness; the portions of the stem 
first formed retain their size, while each successive portion is larger ; the diameter 
of the stern is therefore so much larger the nearer it is taken to the apex. As 
long as this growth proceeds, the stem continues to grow stronger ; but sooner 
or later there comes a time when every portion of the stem acquires the same 
thickness as the previous one ; the stem then becomes cylindrical, or, if it is 
compressed like some rhizomes, still with a uniform breadth. The lateral shoots 
exhibit the same peculiarity when they spring low down from the primary stem 
(as in Aloe ; &c.). But the primary shoot which springs from the embryo not 
unfrequently disappears after producing lateral shoots which grow more vigorously 
than it, and these again transfer the further growth to new shoots, which now 
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produce from generation to generation thicker axes, larger leaves, and stouter 
r< ots, until at length a condition again results in which each successive generation 
of shoots produces others of equal strength. If the portions of the axes of the 
shoots beneath the points where the shoots of the next order arise are persistent, 
sympodia arise (as represented in Fig. 143); but frequently each shoot entirely 
disappears after producing one of the next order, as for instance in our native 
tuberous Orchids (Fig. 158), or in the Crown-Imperial (Fig. 421), or Autumn 
Crocus (Fig. 422) \ 

The normal Mode of Branching of Monocotyledons is always monopodial 
and usually axillary 1 2 ; a bud is generally formed in the axil of each leaf, but often 
does not unfold, so that the number of branches visible is often less than that 
of the leaves (as in Agave, Aloe, Dracaena , Palms, many Grasses, &c.). But some- 
times several buds are formed in the axil of a leaf, and if the insertion of the 
leaf is broad these are placed side, by side, as occurs in many bulbs (Fig. 130). 



T : ir. 4-1 — Hull) of l-nttllxiria u»/>rricut\ in November: A longitudinal section of t lie whole bulb reduced, s x the* 
lo.iU'scent lower portion*, of the bulb-scales, b b their fi ec upper portions; the scales cm lose a cavity l which contains the 
ilo a\«*d flowor-stem : n< xt year’s, binl is formed in the axil of the innermost scale ; ns first leaves will form the new bulb, while 
iK axis will developc* into Hie flower stem , the root 7<< springs from the axis of this bud />’ longitudinal section of the apical 
region of next ycur's bud, » apex of the Mem, bh* l/' youngest leaves. 


In Musa a number of flowers even stand side by side in the axil of a bract, 
and in Musa Ensele two rows one over the other. In the Spadiciflorne the bracts 
arc often absent 3 , and the cbracteatc flowers stand on the rachis of the inflorescence, 
but are distinctly lateral in their origin. This is also the explanation of the 
branching of Lcmna , which does not in general form any foliage-leaves, but 
the vegetative body of the plant consists of disc-like or swollen portions of the 
axis containing chlorophyll which branch laterally out of one another, and are 
connected together only by slender stalks, or soon separate. The plane of rami- 
fication coincides with the surface of the water on which they float; each shoot 

1 Further details of the great variety of modifications of these processes of growth will he found 
in Irmisch, Knollen und Zwiebelgcwiichse (Berlin 1850), and Biologic nnd Morphologic der 
Orchideen (Leipzig 1853). 

* According to Magnus (Bot. Zeitg. 1869, p. 770) the flower of Naias occupies exactly the place 
of the first leaf of a branch; but it appears from p. 771 as though the flower and the shoot that 
bears it were the bifurcations of a dichotomy. 

3 Compare under Dicotyledons, p. 638. 
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produces only one or a pair of opposite lateral shoots, and the branching is therefore 
distinctly cymose, sympodial, or, as in Lcrnna trimica , dichasial. 

Besides the formation of shoots by the branching of the axis, adventitious 
shoots also sometimes occur on leaves which perform the function of gemma? ; 
as for instance on the margins of the leaves of Hyacinthm Pouzohii and some 
Orchids (Doll, Flora, p. 348) 1 . The large gemmse which appear very regularly 
at the point of junction of the leaf-stalk and lamina, and at the base of the lamina 
of Athcrurus / erna/us , are especially striking. The small bulbs on the stem of 



1 If*. 432 — The underground part of a flowering plant of Cohhuum autinnnnlc si seen in front and fioin without, 
he '■orin. s', s" cataphyllary leaves enthral mg tin* flower-stalk, ?eA its 1mm from w hi< h proceed the roots 7e ; // longitudinal 
ectlon. h h a hrown skin which envelopes all the underground parts of the plant, st the flower- and leaf-stalk of tin 
ircvious year whw h h.is ilied down, its swollen basal portion k only remaining as a reservoir of food-materials for the 
icw plant now in flower. 'I he new plant is a lateral shoot from the base of the i orm t, consisting of the axis from the base 
•f which proceed the roots v', and the middle part of which (/-') swells up in the next year into a form, the old i orin /• 
lisappearing; the axis hears the sheath-leaves », f', r" .ud the foliage leave s /', l n ; the flowers l> f>’ are placed in the 
xils of the uppermost foliage-leaves, tin* axis itself terminating amongst the flowers The foliage leaves arc still small 
t the time of flowering; in the next spiing they emerge from tht ground together with the ft mts; the portion of the 
xis k then swells up into the new conn, on which the axillary laid k u dev elopes into the new flowering plant, while the 
heath of the lowermost foliage-leaf is changed into the brown enveloping skin 


1 [On the buds developed on the leaves of Mai axis which exhibit a striking resemblance to the 
ovules of Orchidese, sec Dickie, Journ. Linn. Soc vol. xiv pp. i and 180. Dr. Dickie considers the 
structure of these buds to favour the theory that the ovule is homologous to a bud, the nucellus-like 
body of the bud corresponding to an axis. See also lien slow on Malnxis, Mag. Nat. Hist. vol. I. 
y, pp. 441, 442] 
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Lilium bulbiferum arc, on the other hand, normal axillary shoots, and probably 
the same is the case with those on the infloresence of some species of Allium . 
Adventitious buds are stated by Hofmeisler to occur on the roots of Epipaciis 
microphylla . 

The Learns of Monocotyledons are seldom verticillate, though this occurs in 
the foliage-leaves of Elodca and the bracts of Alisma ; they are very commonly 



1 from above, H seen from 1»« low, ( from the side and cut 
the citcttlar tin s of the* 1 ataphy llury leaves, k k the corms which grow in thvii axils ; 

, by its sub (hk in C) next year's bud, from whic h .1 new form and 
m through this bud, « « its < ataphyllary leaves, ll foliage-leaves, 

fi bract, / perianth, n anthers, v a bud 1 

arranged alternately in two rows, as in Gramincze, Irideoe, Phormium, Olivia, Typha , 
&c. This arrangement either prevails over the whole shoot together with its 
secondary shoots, or occurs only at first, and then passes into spiral arrangements, 
which very commonly lead to the formation of rosettes radiating on all sides, as 
in Aloe ( see Fig. 152, p. 193), Agave, Palms, &c. The arrangement with the angle 




424.— Dud in the inside of a bulb of At! turn Crfn, the scales haying been removed; st the short flat base of the 
ntum on whii h the bulb-scalcs are inserted ; /in A lamina, s/t the shcatli of the foliage-leaves still short ; in H the outer 
leaves have been removed, and an axillary bud Ims made its appearance in addition to the tet initial bud 


of divergence y s is much rarer, but occurs in some species of Aloe \ Car ex, Pan - 
datius , &c. Spiral arrangements with a smaller divergence than V 3 also occur 
sometimes; as e.g. in Musa (in M. rubra the angle is, according to Braun, 3 / 7 in 
the foliage-leaves, 4 / n hi the bracts), and Costus (where the angle of the foliage- 
leaves is from a 1 /, to 7 f) ), &c. The axillary shoots of Monocotyledons mostly begin 
with a leaf in close contact with the primary axis and with its back turned towards 
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it, and usually bicarinate. Of this character must be considered, for instance, the 
upper pale of the flower of Grasses, which is itself an axillary shoot of the lower 
pale. When the phyllotaxis of successive orders of shoots is alternate in two rows, 
the result of this arrangement is that a whole system of shoots is bilateral, or may 
be divided by a plane which bisects the leaves (as in Pota?nogcion , Typha , &c.). 

The mode of insertion of the cataphyllary and foliage-leaves, and very 
often that of the hypsophyllary leaves (as for instance that of the spathe which 
is of common occurrence), is entirely or at least generally amplexicaul, and the 
lower part of the leaf is in consequence sheathing ; and this is evidently con- 
nected with the want of stipules, which are so frequent 
^ ^ among Dicotyledons. The cataphyllary and many of the 

jjjf hypsophyllary leaves are usually reduced to this sheathing 

part, which generally passes immediately into the green 
IB lamina in the case of the foliage-leaves ; but in Scitami- 

Ijj neoe, Palmaccce, Aroidea?, and some others, a long and 

/, comparatively slender stalk developes between the sheath 

IwM and the lamina. When the leaf-stalk is absent, and the 

(i||S lamina sharply marked off from the sheath, a Ligulc is 

| ji|B not unfrequently present at the point where the two meet, 

! tf as in Grasses and Allium (Fig. 425). 

f \ ill The lamina is generally entire and of a very simple 

!j|| form, commonly long and narrow (ligulatc), rarely roundish 

i'll and disc-shaped (e.g. JJyJrocJuiris ), or cordate or sagittate 

I w (as in Sagittaria and some Aroidea?). Branching of the 

/| « lamina is a rather rare exception among Monocotyledons; 

Jl ilv and then takes the form either of lobes from a broad 

g / 1 1 common base or less often of deep divisions, as in some 

/ #/!,; » > Aroidex (c.g. Amorphophallus , Fig. 141, Athcrurus and 

l VlliiliH I Sauroma/um). The division of the compound and pinnate 

leaves of Balms is not due to a branching occurring at an 
early stage, but to a splitting which takes place on unfold- 
nr..4,,-A. t ,fofj/^ ing, and is caused by the drying up of certain strips of 
[i^rnca 1 1 '!se Cn <»f h u!r \L.llh. tissue within the lamina, which is at first sharply folded up. 

I' f te r^'t 1 » o Ti j * p rr u‘!,r The formation of the tendrils of Smi/ax appears, on the 

iTrt other hand, to depend on actual branching of the leaf-stalk. 

MdVof'thc * The Venation of the foliage-leaves differs from that of 

most Dicotyledons, in that the weaker veins do not gener- 
ally project on the under side of the leaf, but run through the mesophyll ; in the 
smaller leaves there is even no projecting mid-rib. The mid-rib is, on the other 
hand, strongly developed in the large stalked leaves of the Spadiciflorx and Scita- 
minex*, and is permeated by a number of fibro-vascular bundles. When the leaf is 
ligulate and its insertion broad, the fibro-vascular bundles run nearly parallel to one 
another ; in broader leaves without a conspicuous mid-rib they describe curves from 
the median line to the margins (as in Convallaria). But when a strong mid-rib 
occurs in a broad lamina, as in Musa &c., the fibro-vascular bundjes which run 
through it give off laterally smaller thin bundles which run parallel to one another 



MONOCOTYLEDONS. 


625 

in large numbers to the margin of the leaf. These parallel transverse nerves are 
sometimes united into a lattice-like network by short straight anastomosings (as in 
Alisma , Costus, and Ouvirandra , the mesophyll being absent within the meshes of 
the latter). It is only rarely (as in some Aroidex) that projecting lateral veins 
are given off from the mid-rib, a finer reticulated venation springing from them. 

The Flower of Monocotyledons usually consists of five alternating isomerous 
whorls ; viz. an outer and an inner perianth-whorl, an outer and an inner whorl 
of stamens, and a carpellary whorl, which is succeeded by a second carpellary whorl 



only in Alismacex and Juncaginex. The most common typical flora formula is 
therefore S u P n *S 7 rt+M C u ^ n y It is only in the Ilydrocharidex and a few other 
isolated cases that the number of whorls of stamens is larger. Where in other 
cases, as Butomus i an increase of the typical number of stamens occurs, this takes 
place by de'doubkment without any increase of the number of whorls (Fig. 431 A). 

The number of members in each whorl is two P ti *SV 2+2 C,), in only a very 
few cases scattered through the most different families (e.g. in Maianthemum and some 
Enantioblastx ; it is sometimes four or five (occasionally in Paris quadrifolia and 


A 


b 



Mi;. 429.x Diagram of rOnifiUeracr* ; A Jlfdychium (after Le Maoui 
.iucl Dccaism:), H .Upturn (after P<«>cr) 



I k;. 410 — Diagram of ( anna (Musacc.v), after Payer. 


in some Orontiaccx); but the usual number of members in each whorl is three, 
and the typical formula therefore S 5 P z 6V 3+3 C 8 ( +3 ). In the large section of Lilii- 
florx, in some Spadicifiorx, and in many Enantioblastae, Juncaginese, and Alis- 
macex 1 , this typical floral formula is at once obtained empirically; in most others 
particular members or whorls are wanting, but the abortion of these is generally 
at once evident from the position of those that are present. In the Scitaminex 
with only one or even with only half an anther (Fig. 429, 430) the rest of the 
members of the androecium are present or only partially deficient, but are trans- 

1 The dimerous flower of Potamageton (St P 2 5 / a + 2 C 4 ) (see Hegelmaicr, Bot. Zeitg. 1870, p. 287) 
differs from the typical formula only to this extent, that the four carpels arise simultaneously, and 
are placed diagonally to the preceding pairs. 
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formed into petaloid staminodes. It has already been pointed out how the flowers 
of Gramme® and Orchide® can be traced back to the trimerous pentacyclic type ; 
the theoretical diagrams here given (Figs. 426—433) will answer the same purpose 
for some of the other more important families. 

If the pentacyclic flower with the formula S u P n S/ H+n C n ( 4M > is considered as 
the typical one for Monocotyledons, it will be seen that the great majority of 
families the number of whose parts deviates from this type do this only by 
the suppression of single members or of whole whorls, the typical position of 
those that still remain with respect to one another not being disturbed. The 



variety in the forms of flowers in this class is therefore brought about almost 
entirely by abortion 1 ; and it is not uncommon for abortion to be carried to such 
an extent in Monocotyledons that nothing is left at last of the whole flower but 
a single naked ovary or a single stamen, as happens frequently in Aroide®. In 
these cases a similar explanation of the relationships of the parts of the flower is 
rendered possible and even evident by the occurrence of flowers with the actual 
typical structure, and by a complete series of transitions caused by partial abortion. 
It is especially in small closely crowded flowers, as those of Spadiciflor®, Glumi- 
flor®, &c., that so great a reduction of the typical number of members is observed ; 



while in larger and more isolated flowers the number of members in each whorl 
is usually complete or even excessive (as Butomm and Hydroi harts), and deviations 
usually result from petals (or petaloid staminodes) being formed in the place of 
fertile stamens (r.g. Scitamine®). With reference to the alxirtion which is often 
carried to so great an extent in small flowers, it may in certain cases even be 
doubtful whether in an assemblage of stamens and carpels we have a single flower 
or an inflorescence consisting of several flowers reduced to a very simple state by 
abortion, as for example in Lemna . 

1 Compare what was said on Abortion at p. 22 2 and in the IntRKluetion to Angiosperms. 
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When both the perianth-whorls are well developed, they are usually similar in 
structure; in large flowers they are generally delicate and petaloid and either 
brightly coloured or not (Liliacese, Orchidese, &c.) ; in small flowers on the con- 
trary they are firm, dry, and membranous, as in Juncaceae, Eriocauloneae, &c. 
Sometimes however the outer perianth-whorl is green and sepaloid, the inner whorl 
larger, delicate, and petaloid ( Catina , Alisma , Trade scant ia) ; in the very small and 
closely crowded flowers of the Glumifloraj, the perianth-leaves, when present, take 
the form of hairs (the setae of Cyperaceai) (Fig. 426), or of small membranous scales 
(the lodicules of Grasses). 

The Stamens generally consist of a filiform filament and a quadrilocular anther ; 
though variations frequently occur, especially in the form of the filament and 
connective. Among the most striking deviations from the ordinary type are the 
petaloid staminodes of Cannaceae and Zingiberacese. It has already been pointed 
out (pp. 491, 541), that the foliar nature of the stamens is subject to an exception 
in the Naiadese (at least in Naias) according to the researches of Magnus. The 
stamens of Monocotyledons scarcely ever branch, as is often the case in Dicoty- 
ledons ; and this corresponds to the customary absence of branching in the other 
foliar structures also. If the diagram of the flower of Catina (Fig. 430), drawn 
according to Payer's description, is correct \ the petaloid staminodes are branched. 

The Gytucceum has usually a trilocular ovary ; less often it is tricarpcllary but 
unilocular; in both cases it may be either superior or infeiior, but the latter occurs 
only in plants with large flowers ( Hydrochar is , lridcse, Amaryllidcx*, Scitamineae, 
Orchideiv, &c.). The formation of three or more monocarpellary ovaries is limited 
to the alliance of the Juncaginese and Alismaccne, in which the ordinary number 
of members and of whorls of the gynaeccum is also exceeded, reminding one of 
the Polycarpee among Dicotyledons. 

Adhesion and displacement arc not so common in the flower of Monocoty- 
ledons, and usually not so complicated as among Dicotyledons ; among the most 
striking phenomena of this nature are the formation of the gynostemium of Orchids ; 
the cohesion of the six similar perianth-leaves into a tube in Hyacinthus , Con- 
vail aria , Cole hi cum, &c. ; and the epipetalous and episepalous position of the 
stamens in the same plants and in some others. Adhesion of the stamens to the 
calyx or corolla occurs much less constantly in particular families among Mono- 
cotyledons than among Dicotyledons. 

Terminal flowers to a leafy primary shoot occur very rarely among Mono- 
cotyledons (e.g. in Tut ip a ) ; terminal inflorescences are more common. The flower 
acquires a tendency to zygomorphism, especially as it increases in size ; but this is 
often only feebly indicated, and attains its highest development in Scitaminese and 
Orchidegc. 

The Ovules of Monocotyledons usually spring from the margins of the carpels, 
rarely from their inner surface (as in Butornus) ; the single orthotropous ovules of 
Naias (according to Magnus) and Typha (Rohrbach) arise by the transformation of 


1 According to Kichler’s masterly description of the flower of Carina i^Bot. Zcitg. 1873) the 
relations of the andrcecium are not quite those expressed in the diagram Fig. 430. Eichler gives the 
formula as being S\ ]\ St (,,)+ C,. 


s s 2 



628 


PHANEROGAMS. 


the end of the floral axis itself (see pp. 492, 571); in Lenina and in some Aroidex 
one or more ovules stand at the bottom of the cavity of the unilocular ovary. The 
prevailing form of the ovule is anatropous; but in Scitaminex, Graminex, and some 
other orders, campvlotropous ovules occur ; in the Enantioblastx and a few Aroidex 
they are orthotropous, either erect or pendulous. The nucellus is almost without 
exception enclosed in two envelopes ( Crtnum however forms an exception). 

The Embryo- sac 1 generally remains surrounded by one layer of the tissue of the 
nucellus till the time of fertilisation ; the apex is sometimes destroyed so that the 
embryo-sac projects (as in Hem croc all is, Crocus , Gladiolus , &c.) ; but, on the other 
hand, the apex not unfrequently remains as a cap of tissue covering the top of 
the embryo-sac (as in some Aroidex and Liliacex). In Orchidcx the growing 
cmbryo-sac completely destroys the layer of tissue that envelopes it together with 
the apex of the nucellus; and this happens after fertilisation in all the other 
Monocotyledons that possess an endosperm, and in this case the embryo-sac some- 
times advances even to the inner integument and destroys it ( Allium odorans , 
Ophrydex). 

In the greater number of Monocotyledons a copious development of endo- 
spcrm-cells in the parietal protoplasm follows quickly after fertilisation. They 
soon unite into' a layer of tissue and divide tangentially, until at length the embryo- 
sac is filled with radial rows of cells the result of division. Narrow embryo-sacs 
are filled up by the growth of the first endosperm-cells; but sometimes the cells 
formed by free cell-formation in the parietal layer of protoplasm constitute at first 
a loose mass which fills up the embryo-sac and only closes up into a tissue at 
a later period (e. g. Leucojum , Gagca). The narrow embryo-sac of Pislia is filled 
Up by a row of broad disc-shaped cells which lie in it like transverse compartments 
and are perhaps the result of division of the sac itself. In some Aroidex only 
■a part of the embryo-sac is filled with endospeim, the rest remaining empty. 

The endosperm still continues to grow after it has filled up the embryo-sac, 
the seed which it fills increasing also in size. It has already been mentioned how 
considerable this growth is in Crinum (p. 586). 

In all those Monocotyledons which form an endosperm (albuminous), it becomes 
closed up into a continuous tissue enveloping the embryo before this has completed 
its growth. By the growth of the embryo a part of the endosperm which surrounds 
it is again forced aside ; and on this displacement depends the lateral position of 
the embryo in Grasses by the side of the endosperm, and the absence of this latter 
in some Aroidex. But in all the other Monocotyledons which have no endosperm 
(exalbuminous), Naiadex, Potamogetonex, Juncaginex, Alismacex, Cannacex, and 
Orchidcx, its formation is altogether suppressed, or transitory preparations for it 
only take place. 

On the first origin of the embryo reference must be made to what was said in 
the Introduction to Angiosperms (p. 589) ; there are many points which are still 
doubtful in the formation of the plumule, scutellum (in Grasses), and root, from the 
original small-celled mass of tissue of the embryo. 


* Sec Hofmeister, Ncue fleilriige (Abhandl. (let kbnigl. Sachs. Gesellsch. der Wissensch. 
vol. VII); also supra, p 576. 
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With respect to their Histology Monocotyledons differ from Dicotyledons and 
Gymnosperms chiefly in the course of the fibro-vascular bundles In the stem, and in 
the want of a true cambium-layer. A number of common bundles (/. e. those com- 
mon to the stem and leaves) enter the stem side by side from the broad insertions 
of the leaves, pass obliquely downwards into it, and then again bend outwards as 
they descend, approaching gradually the surface of the stem. The common bundle 
is usually thickest and most perfectly developed at the curved portion which lies 
deepest in the stem, while the limb which bends upwards into the leaf becomes thinner 
and simpler upwards, and the descending limb of the bundle behaves similarly down- 
wards. Hence a transverse section of the stem which cuts through the different 
descending limbs at different heights in their course shows bundles of different structure 
and of various sizes. A radial longitudinal section through the bud or through mature 
stems with short inter nodes (as Palm-stems, thick rhizomes, bulbs, &c.) shows how the 
bundles which descend from different leaves, the curves of which lie at different 
heights, cross one another radially, some of them bending inwards where others are 
already turning outwards. In elongated internodes, as for instance those of the stalks 
of Grasses and of some Palm-stems (like Calamus ), the long scapes of Allium , &c\, the 
bundles run nearly parallel to one another and to the surface; the curves and inter- 
sections of the bundles may be easily distinguished at the apex of such stems, and localise 
themselves in the transverse plates or nodes which do not elongate between each pair 
of internodes. The nodes are not unfroqucntly traversed by a network of horizontal 
bundles; this is very conspicuous in the Maize. 

The course of the fibro-vascular bundles which has now been described renders 
impossible the separation of the fundamental tissue of the stem into pith and cortex 
in the sense in which this occurs in Conifers and Dicotyledons. The parenchymatous 
fundamental tissue fills up homogeneously the spaces between the bundles which are 
generally numerous ; but a separation takes place not unfrequcntly into an outer peri- 
pheral layer and an inner region, a layer of tissue being formed between the two 
the cells of which are thickened and lignified in a peculiar way (as for instance in 
most thickish rhizomes, in the hollow scape of Allium , &t\). 

In consequence of their not being parallel, and of their scattered distribution in the 
transverse section of the stem, the descending bundles of Monocotyledons have not the 
power of coalescing into a closed sheath by connecting bands of cambium (interfasci- 
cular cambium), as is the case in other Phanerogams. In correlation with this the layer 
ot cambium between the phloem and xylem is also absent ; the fibro-vascular bundles 
are closed. When a portion of the stem ceases to grow in length, the whole of the 
tissue of the bundles becomes transformed into permanent tissue (see e.g. Fig. 92, 
p. no) ; and there is in consequence usually no subsequent increase in thickness; each 
portion of the stem, when once formed, maintains the thickness which it had already 
attained within the bud near the apex of the stem. But in Dracaena, Aloe , and Yucca , a 
renewed increase of thickness begins afterwards at a considerable distance from the 
apex of the stem, which may even continue for centuries and may cause a considerable 
though slow increase in its circumference. But this subsequent growth in thickness 
takes place in a way quite different from that which occurs in Gymnosperms and Dico- 
tyledons; — a layer of the fundamental tissue parallel to the surface of the stem becomes 
transiormed into mcristem which continually produces new closed fibro-vascular bundles, 
and between them parenchymatous fundamental tissue (Fig. 104). A more or less 
evidently stratified network of slender anastomosing bundles is thus formed, the posi- 
tion and connection of which is easily recognised on stems which have been exposed 
to the weather, and in which the parenchyma which fills up the interstices has 

1 Von Mohl, Bau des Palmenstammcs, in his Yermischle Schriften, p. 129. — Niigeli, Beitrage 
zur wissensch. Bot. Heft. I. — Millardet, Memoircs de la Soe. Imp. tics Sci. Nat. de Cherbourg, 
vol. XI, 1865.-' [De Bury, Veigleichende Anatomic der Vegetationsoigane, 1877 .] 
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decayed. This network of closely-placed closed fibro- vascular bundles now forms a 
kind of secondary wood which surrounds like a hollow cylinder the space in which 
the original fibro -vascular bundles of the stem run isolated and loose in the form of 
long threads. This thickening ring of the arborescent Monocotyledons resembles 
the secondary woody mass of Conifers and Dicotyledons in the fact that it belongs 
altogether to the stem and has no genetic connection with the leaves, differing in this 
from the original common bundles. An exception to the ordinary structure of Mono- 
cotyledons occurs in submerged water-plants ( Hydrillci and Potamogeton), in which, 
according to Sanio (Bot. £eitg. 1864, p. 223, and 1865, p. 184), an axial cauline bundle 
in the stem lengthens continuously, while the foliar bundles do not unite with it till a 
later period, a peculiarity which recurs in some dicotyledonous water-plants, and re- 
minds one of the coriesponding processes in Selaginella. 

The Systematic Classification 1 of the sub-sections of Monocotyledons here adopted is 
that of A. Braun (in Ascherson’s Flora of the province Brandenburg, Berlin 1864); but 
with the variation that the order Helobia* there given is broken up into a series of 
orders. In the short diagnoses of the orders only a few of the characters are specified 
which are most important from a systematic point of view; the figures placed within 
brackets cefer to those attached to the families belonging to the order in which the 
characters named are present or absent. A complete account might have been given of 
the characters of the separate families of Monocotyledons ; but since a similar treatment 
of the class of Dicotyledons would have far exceeded our limits, the mere enumeration of 
the families must, for the sake of uniformity, suffice. 


SERIES I.— llELOM/h. 

Water-plants; seed with little or no endosperm, but a strongly developed hypo- 
cotyledonary axis to the embryo. The number of parts of the flower usually varies 
from the ordinary type of Monocotyledons. 

Order 1. CentrospermeB (so named from the central position of the seed in 
(1) and in Naias ). Flowers imperfect, very simple, usually without a perianth; in 
(1) consisting of two stamens and a unilocular ovary (containing from 1 to 6 basilar 
ovules; surrounded by a sheath (perianth or spathe); ovary in (2) unilocular, usually 
one-seeded; seed with but little endosperm. The Lcrnnacex consist of small 
branched leafless floating vegetating bodies, generally with true pendent roots; the 
Naiadeac are slender branched long-leaved submerged plants; this family is not 
definable systematically, and should be split up into several. (The Lemnaceac 
should perhaps be united to the Aroideac ) 

Families: 1. Lemnacea*. 

2. Naiadea*. 

1 [The systematic classification adopted in this book is not one which the reader will find 
followed in any standard English work, either as respects Monocotyledons or I)ic tylcdons. The 
work now generally adopted as containing the most satisfactory system of distribution of the vegetable 
kingdom inlo classes, oiders, and genet a, is Hentham and Hooker’s Genera Plantarum (London, 1862 - 
187 3), which is however at present only completed so far as to include the Gamopetala: with 
inferior ovary. In Dr. Hooker's edition of Le Maoiit and Decaisne’s Traite Gencialc dc Botanhjuc 
(London, 1873) will be found the outlines of thi.> classification completed as far as relates to the 
classes and ordcis. De Candolle’s Prodromus Systematic Naturalis Vegetabilium in 17 vols. (Paris 
1818-1873) contains a description of every known species of Dicotyledons; Walpers’ ‘ Kepettoiium* 
and 'Amnle.**' serving as supplements to the earlier volumes, which are far less complete than the 
later ones. For an admirable epitome and illustiations of the character of each of the natural 
orders see also Oliver, Illustrations of the Principal Natural Orders of the Vegetable Kingdom ; 
London, 1 7 4 • J 
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Ordfer 2. Polycarpffl. Flowers pcntacyclic or hexacyclic (2, 3); whorls in (1) 
dimerous and decussate, with four monocarpellary ovaries placed diagonally; in 
(2, 3) trimerous, or with a larger number of stamens and carpels (see p. 626) ; the 
gynaeccum consists of three or more monocarpellary ovaries, which are one- or 
more-seeded ; endosperm absent. Perennial floating water- or upright bog-plants, 
with large lattice-veined or long narrow (2) leaves. 

Families: 1. Potamogetoneae. 

2. Juncagineae. 

3. Alismaceae. 

Order 3. Hydrocharide©. Flowers dioecious or polygamous, with trimerous 
whorls, and perianth consisting of both calyx and corolla ; male flowers of from one 
to four whorls of fertile stamens and within these several whorls of staininodcs ; 
female flowers with an inferior tripartite or six-chambered (3) many-seeded ovary ; 
endosperm absent. Perennial submerged or floating water-plants with spiral or 
vcrticillate (t) leaves. 

Family 1. Hydrocharideae ; with the subsections — 

1. Hydrillea*. 

2 . Vallisneriea*. 

3. Stratiotcae. 


SERIES 11 . - Mickantha.. 

Land- or bog-plants; the individual flowers usually very small and inconspicuous, 
but collected in large numbers in the inflorescence, and almost always referable to the 
dimerous or trimerous pcntacyclic type. 

Order 4. Spadiciftorre. Inflorescence a spadix or panicle with thick branches 
(4), generally enveloped in a large sometimes petaloid (j ) spathe ; bracts small or 
altogether absent ; perianth never petaloid, usually inconspicuous or altogether 
abortive (1-3); sexual organs generally diclinous by abortion; fruit always superior 
and often very large (2, 4) ; the seed mostly large or of an immense size and with 
a very large endosperm ; embryo small, straight. Mostly large strong plants with 
the stem strongly developed, chiefly above ground, and a great number of large 
foliage-leaves; in (1, 3, 4) they have a broad branched or apparently pinnate or 
compound lamina, a leaf-stalk and sheath, in (a) they are sessile, very long and 
narrov;. 

Families: r. Aroidesc. 

2. Pandanacea:. 

3. Cyclanthea*. 

4. Palmaceae. 

Order 5. Glumiflor©. Inflorescence spicate or panicled, without a spathe; 
flowers very small and inconspicuous, usually concealed among thickly-placed dry 
hypsophyllary leaves (glumes or pales) (2, 3); perianth absent, or replaced by hair- 
like structures or scales; fruit superior, small, one-seeded, dry and indehiscent 
(a caryopsis) ; embryo in (1) long and in the axis of the endosperm, in ( 2 ) by its 
side and very small, in (3) also by the side of the endosperm, but considerably 
developed and provided with a scutellum. Plants with persistent underground 
elongated rhizomes, and upright foliage-leaves in two or three (2) rows; (1) should 
perhaps rather be included in the fourth order. 

Families: 1. Typhaceai. 

2. Cyperaceae. 

3. Gramineae. 
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Order 6. Enantioblast®. Flowers in crowded (4) cymose Inflorescences, 
inconspicuous (r, 2), or conspicuous (3, 4), pentacyclic, and usually trimerous (in 
(1, a) often dimerous) ; perianth-whorls glumaceous in (1, 2), developed into calyx 
and corolla in (3, 4); fruit a superior bi- or tritocular capsule with loculieidal 
dehiscence; ovule orthotropous, and the embryo (tfXdtrrg) therefore opposite (cW- 
rtor) the base of the seed (hilum). Plants with grass-like (1-3) or succulent habit (4). 

Families: 1. Restiaceae. 

2. Eriocauloneac. 

3. X yridea*. 

4. Commelynaceae. 


SERIES III. — CoRoixm.oR/K. 

Both the perianth- whorls conspicuous, usually large and petaloid ; the two staminal 
whorls completely developed or partially wanting by abortion, and then replaced by 
staininodes; one carpellary whorl; the five whorls, with few exceptions, trimerous. 

Order 7. liiliiflor®. Inflorescence very various, racemose or cymose; the 
large flowers sometimes single. Flowers pentacyclic and trimerous, except a few 
cases where they are dimerous, tetramerous, or even pentamorous ; in (3) the 
inner staminal whorl is wanting; perianth-whorls similar, in (1) inconspicuous 
and membranous, but usually petaloid (2, 3, 5-8) and often large; sometimes all 
the six leaves are coherent into a tube (6 and elsewhere), often with epipetalous 
and episepalous stamens; ovary superior in (1, 2), inferior in the other families, 
usually forming a trilocular capsule or berry ; embryo surrounded by endosperm. 
Plants of very various habit ; with strong woody stems increasing in thickness in 
Aloe ^ Yucca , and Draccena (2) ; more often with underground rhizomes, conus, or 
bulbs, from which spring leafy annual shoots; leaves mostly long and narrow, in (4) 
with a broad lamina and slender stalk. 

Families: 1. Juncacca*. 

2. Liliacea;. 

3. Irideie. 

4. Dioscoiea’. 

3. Taccacea*. 

6. Haemodoracea*. 

7. Pontederiacex. 

Order 8. Ananasine®. Flowers consisting of the typical five trimerous whorls; 
outer perianth-whorl developed into calyx, inner one into corolla; ovary trilocular 
and many-seeded, superior or inferior ; embryo by the side of the endosperm ; 
leaves long, often very narrow. 

Family: 1. Bromeliacea*.. 

Order 9. Scitamine®. Floral whorls trimerous and zygomorphic ; both 
perianth-whorls or only the inner one (2, 3) petaloid; of the stamens the pos- 
terior one of the inner whorl is abortive in ( 1 ), this alone being fertile in (2, 3) 
(in 3 with only half an anther), while the rest are changed into petaloid staminodes 
(see Figs. 428-430) ; fruit inferior, trilocular, a berry or capsule; endosperm usually 
absent, but replaced by a copious perisperm. Usually handsome, often very large 
(1) leafy shrubby plants springing from a persistent rhizome, with large leaves, 
generally divided into a broad lamina, leaf-stalk, and sheath. 

Families: 1. Musacex. 

2. Zingiberacca. 1 . 

3. Cannacea:. 
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Order 10. Gynandr®. The entire flower zygomorphic in origin and de- 
velopment; by the torsion of the long inferior ovary (i) the anterior side of the 
mature flower usually becomes posterior; both of the trimerous perianth-whorls 
pctaloid, the posterior leaf of the inner one (the labellum) generally provided 
with a spur; of the six typical stamens of the two whorls only the anterior ones 
are eventually developed, and in (i) (with the exception of Cypripedium) the 
anterior one of the outer whorl is alone fertile and has large anthers, the two 
anterior ones of the inner whorl forming small staminodes ; but in Cypripedium it 
is these latter that are fertile, the anterior one of the outer whorl forming a large 
staininode; in (3) the same occurs, or the three anterior ones are fertile ; filaments 
of the fertile and sterile stamens coherent with the three styles into a gynostemium ; 
pollen in single grains, tetrads, masses, or pollinia; ovary inferior and unilocular 
with parietal placentation (1) or trilocular with axile placcntation (2); ovules 
anatropous; seeds very numerous, very small, without endosperm, and with the 
embryo undifferentiated. Small herbs or larger shrubby plants; the tropical 
Orchideae often epiphytal and furnished with peculiar aerial foots; our native 
species perennial with underground rhizomes or tubers ; some Orchideae are 
saprophytes destitute of chlorophyll, and a few have even no roots (. Epipogium , 
Coral lor hiza). 

Families: 1. Orchideae. 

2. Apostasiaceae. 

The Burmanniace® with cymosc inflorescence, three or six fertile epipetalous 
stamens, free tripartite style, and uni- or tri-locular inferior ovary, are allied to the 
(lynandra* by their small seeds without endosperm and their undifferentiated 
embryo ; and in this order, which consists for the most part of small plants, there 
arc some saprophytes destitute of chlorophyll. 


CLASS XII. 

DICOTYLEDONS. 

The ripe Seed of Dicotyledons contains either a large endosperm and a small 
embryo (as in Euphorbiacea*, Cojfea, Myristica , Umbellifene, Atnpelidese, Polygon- 
aceae, Caesalpinece, &c.) ; or the embryo is comparatively large, and the endosperm 
occupies but a small space (e.g. Plumbagincx, Labiatce, Asclepiadex, &c.) ; or, 
thirdly, the endosperm is entirely wanting, and the embryo fills up the whole of the 
space enclosed by the testa, and thus, when ripe, often attains a very considerable 
size (e.g. jEsculus, Juglans, Cuiurhita , Tropaolum , Cupuliferx, Lcguminosx, &c.); 
though in small seeds it still remains of moderate dimensions (as in Cruciferce, Com- 
posite, Rosiflorce, &c.). The absence of endosperm generally results from its 
absorption by the rapid growth of the embryo before the ripening of the seed; 
only in a very few cases is it rudimentary from the first ( Tropaolum , Trapd). In 
most of the Nymphseaceai and in the Piperaceae the embryo and the endosperm 
which surrounds it both remain small, the rest of the space within the testa being 
occupied by perisperm. 
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The Embryo generally attains but very small dimensions in the small-seeded 
parasites and saprophytes destitute of chlorophyll, and remains without differentiation 
until the time of ripening of the seed ; in Monoiropa it never consists of more than 
two cells, and even in Pyrola secunda , which possesses chlorophyll, only of from eight 
to sixteen (Hofmeister). The ripe seeds of Orobanche , Balanophora , Rafllesiacese, 
&c. contain a very small undifferentiated embryo in the form of a roundish mass of 
tissue ; the embryo of Cuscuta is of moderate size and length, but the formation of 
leaves and roots on the filiform stem 1 is suppressed. The Mistletoe (Loranthacece), 
on the other hand, parasitic but containing chlorophyll, produces an embryo which 
is not only large but well-developed. 

If the embryo of the ripe seed is differentiated, as is generally the case, it 
consists of an axis and two opposite primary leaves (cotyledons) between which the 
axis terminates as a naked vegetative cone ( Cucurbila)> or bears a bud which some- 
times consists of several leaves (Vida Faba , Fig. 436, Phaseo/us, Quercus , See.). 
Instead of the two opposite cotyledons, a whorl of three is not unfrequently formed 
in those plants which normally possess only two 2 * 4 (Phascolus, A mygdalus, Quercus , 
Sic.). The opposite cotyledons are usually alike in form and vigour ; in Trapa 
however one remains much smaller than the other ; and eases even occur in which 
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only one has been formed, as in Ranunculus Ficaria \ where it remains below in 
the form of a sheath, and in Bulbocapnos , a section of Cory da l is*. The two coty- 
ledons generally form by far the larger part of the ripe embryo, so that the axis 
has the appearance only of a small fusiform appendage between them ; and this 
structure is especially striking when the embryo attains a very considerable absolute 
size in those seeds which possess no endosperm, and the cotyledons swell lip into 
two thick fleshy bodies (as in JEsculus , Castanea, Quercus , Fig. 438, Amygdalus , 
Vicia Faba , Phascolus , the Brazil-nut, &c.) ; but more often the cotyledons remain 
thin like shortly stalked foliage-leaves of simple form (as in Crueiferai, Faaphor- 
tceai, and Tilia, the last with a three- to five-lobed lamina). Most often they 


1 According to Uloth (Flora, i860, j>. 265'. the root cap is also absent. On parasites see 
especially Solms-Laubach in Jahib. Air wissensch. Hot. \ol. VI. pp. 599 et seq. [Ulotlds statement is 
confirmed by Koch (Ueb. die Kntwick. der Cuscutccn, llanstein’s Pot. Abhdl. II. 1874).] 

* Numerous additional instances are given in the Dot. Zcitg. 1869, p. 875. [Masters, Vegetable 
Teratology, Ray Soc. J 869, p. 370.] 

5 Irmisch, Beitrage zur vcrgleichcnden Moipholngic der Pflanzen, Halle 1854, p. 12. 

4 [To these instances of what is termed a ' pseudo-monocotylcdonous ’ development may be 
added Carum Bulbocastanum (see Ilegelmaier, bn t wick, dicot. Keimc, 1878).] 
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lie with their inner faces flat against one another (Figs. 435, 436); but are not 
un frequently folded or wrinkled and curved backwards and forwards (as in Theobroma 
with thick, Acer and Convolvulaceae, &c. with thin cotyledons) ; less often they are 
rolled spirally round one another (Fig. 434). 

The axis of the embryo beneath the cotyledons is generally elongated and 
fusiform, and when of this shape is described in works on descriptive botany as the 
Radicle. This fusiform body consists however in its upper and usually larger part of 
the hypocotyledonary portion of the stem, and only the lower posterior terminal 
piece, which is often very short, is the rudiment of the primary root (Fig. 437). The 
rudiments of the secondary roots can sometimes be distinguished in the tissue of the 
primary root (in Cucurbita , and according to Reinke in Imp a liens). 
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Germination generally takes place — after the testa, or in dry indehiscent fruits 
the pericarp, has burst from the swelling of the endosperm or of the cotyledons 
themselves — by the elongation of the hypocotyledonary portion of the axis to such 
an extent as to push the radicle out of the seed, the root then beginning to grow 
rapidly and generally attaining a considerable length and forming secondary roots 
in acropetal succession, while the cotyledons and plumule still remain in the seed 
(Figs. 435, 436, 437). Thick fleshy cotyledons usually remain in the seed during 
germination, finally perishing after their food-material has been consumed (as in 
Phaseolus multiflorus , Vicia Faba , Fig. 436, Quercus } Fig. 43H). In this case the 
petioles of the cotyledons lengthen so much that the plumule which is concealed 
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between them is pushed out (Fig. 438), and now grows upright so that the seed 
and cotyledons together have the appearance of being a lateral appendage of the 
axis of the embryo. But usually the cotyledons are destined for further develop- 
ment, especially when they are thin, and form the first foliage-leaves of the plant. 
In order to liberate them and the plumule which lies between them from the seed, 
the hypocotyledonary portion of the axis increases considerably in length, making 
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first of all a curve which is convex on the upper side (Fig. 435), because the coty- 
ledons still remain in the seed while the lower end of the stem is attached by the 
root to the ground. Ultimately, by a final lengthening of the hypocotyledonary 
portion, the upper part of the axis together with the cotyledons is drawn out of 
the seed in a pendent position. The axis now straightens as it continues to grow, 
and the cotyledons expand in the air, the plumule developing more completely and 



mCOTFLEDONS. 


ptishing up between them. The cotyledons which thus become exposed to the 
light usually increase rapidly in size, and constitute, the first green leaves of the 
plant, which are of simple form (e.g, Crucifer®, Acer , Cucurbita, Convolvulaceae, 
Euphorbiaceae, &c.). If the seed contains an endosperm, the cotyledons do not 
emerge till after it has been absorbed (Fig. 435). 

Many transitional forms occur between the dif- 
ferent modes of germination now described; 
peculiar phenomena sometimes appearing which 

are caused by special vital conditions. In Trapa , * 

for example, the primary root is from die first l W 

rudimentary, and remains altogether undeve- ^H£||ln| 
loped; the hypocotyledonary portion of the H iKm if ll III j 

stem lengthens considerably, curves upwards, . | 

and protrudes a great number of lateral roots 
in rows which fix the plant into the ground 1 . i 

• The further development of the young 
plant may take place by the rapid enlargement j | 

of the primary axis of the embryo. While the jfl Wufjjmf 

axis is growing, generally in an upright direction, Wfji 

the shoot which developes from the plumule 

becomes the primary stem of the plant, length- y 

ening at the summit, and usually producing i,r 

weaker lateral shoots ( e.g . Helianlhus , Vida, 

Populus , Jmpa/iem , &c.). When the main stem flfi 

is perennial, it sooner or later ceases to devclope JBMiff 

further at the apex, or the lateral shoots nearest 
to the apex become equally strong. An arbor- 

escent head is thus formed, the main stem or 4r \ 

trunk becoming denuded by the dying off of 4 ? wilft 

the lower branches, or the main stem continues y 1 — 

to grow erect as a sympodium (as in Ruinus , s 

the Lime, &c.); or lateral shoots are formed I 

at an early period at the base of the primary 

stem which grow as strongly, and thus give rise y 

to a shrubby plant. When the axis of the cm- 

bryo grows vigorously, the primary root generally * ^ ^ 

also growls vigorously in a downward direction 2 ; , V"? une of the 

" ‘ } ’ cotyledons rV'M.eini: split; tin letti-is, is in litf. 438, 

and a Tap-root is thus formed, from which, as long * thv first i, “ cn,olK ‘ slnm «'>’ drvcl °t >cd - 

as it increases in length, the lateral roots spring 

in great numbers in acropetal succession. When the growth in length of the tap- 


1 [See De Candolle, Organographie V^getale, PI. 55.] 

a One of the most remarkable exceptions is afforded by the genus Cuscu'a , which has no 
primary root, the posterior end of the axis penetrating into the ground on germination, but soon 
dying off when the upper filiform portion of the stem has embraced the plant on which it becomes 
parasitic, and has fixed itself on to it by its short suckers; the plant afterwards grows vigorously 
and branches. 
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root ceases, adventitious roots become intercalated among the lateral roots already 
formed, and like them, grow vigorously, and may themselves produce lateral roots 
of higher orders. A strong root-system is thus produced with the primary root of 
the embryo for its centre, which endures as long as the stem itself. I3y the subse- 
quent increase in thickness the primary stem (as well as its branches) assumes the 
form of a slender upright cone, the base of which rests on the base of the inverted 
cone formed by the primary root which has also increased in thickness. While 
these processes, which are here described in their main outlines, take place almost 
invariably among Conifers, a number of deviations occur, on the other hand, 
among Dicotyledons similar to those which have been spoken of under the head 
of Monocotyledons. The primary axis may die soon after germination or at the 
end of the first period of vegetation, the primary root often perishing as well, while 
the axillary shoots of the cotyledons or of subsequent leaves continue the life of the 
individual. Thus, for example, in the Dahlia, a strong adventitious root is given out 
laterally from the hypocotyledonary portion of the axis at the close of the first period 
of vegetation of the young plant, and swells into a tuber; the primary root-system 
and the portion of the axis above the cotyledons disappear, and there remain only 
for the continuance of the life of the plant the new tuberous root, the hypocoty- 
ledonary p»ortion of the axis, and the axillary buds of the cotyledons. The process 
is still more striking in Ranunculus Ficaria , where, after the development of the 
primary root, a tuberous lateral root is produced below the primary axis of the 
embryo, sheathed by a colcorhiza, and maintains its existence together with the 
axis, while the primary root and the first leaves perish. Among the numerous 
cases belonging to this category may be mentioned also J’hy salt's Alkekengt\ Mentha 
nrvemis , Bryonia a/ha , Polygonum amphihium , and Lysimachia vulgaris l . The pro- 
duction of bulbs also occurs among Dicotyledons (as in species of (Jxa/is), though 
not so commonly as among Monocotyledons ; of more common occurrence are 
tubers or swellings of underground branches, stolons, or rhizomes of greater or less 
thickness. The greater number of Dicotyledons have perennial underground roots 
or stems which send up periodically leafy and flowering shoots that die at the end 
of each period of vegetation. In all such cases, where the primary root-system 
of the seedling perishes, new roots are repeatedly developed from the stem ; and 
the power possessed by most Dicotyledons of producing adventitious roots from the 
stem, especially when kept moist and dark, enables them to be reproduced to almost 
any extent from branches and portions of branches. Some species climb, like the 
Ivy, by roots put out regularly from the weak stem which requires a support; others 
send out runners to a distance, on which the bud forms a new plant, as in the Straw- 
berry, the stem which is thus formed putting out roots. The order of succession of 
new roots from the stem is in general acropctai, but they do not usually make 
their appearance except at a considerable distance behind the growing bud ; many 
Cactacex* however not unfrequently produce them close below it. 

Th z Mode of Branching. The normal monopodial branching is axillary; the 
lateral shoots arc produced in the angle which the median line of the leaf forms 


1 The above is taken from Irmisch’s detailed descriptions in his Beitrage /ur vcrgleichenden 
Morphologic der Pflan/en, Halle, 1854, 1856; Hot Zcitg. iKfii • and elsewhere. 
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with the internode. On a vegetative shoot at least one lateral shoot is produced 
in the axil of each leaf, although only a few of the axillary buds unfold. Sometimes 
other axillary buds are produced in rows above the original one ; as, for instance, 
above the axils of the foliage-leaves in Aristolochia Sipho , Gleditschia, Ldnicera , &C. 1 , 
above the axils of the cotyledons in Juglatis regia , and that of the larger cotyledon 
in Trapa, In woody plants the axillary buds destined to live through the winter 
are not unfrequently so completely surrounded by the base of the leaf-stalk that 
they are not visible until the leaf has fallen off, as in Rhus iyphinum , Virgilia luiea. 
Plat anus, &c., and are then called Intrapetiolar Puds. Besides the ordinary axillary 
branching, some cases are known among Dicotyledons of lateral and monopodial 
but extra-axillary branching. To this description belong the tendrils of Vifis and 
Ampelopsis which are produced (according to Niigeli and Schwendener) beneath the 
punctum vegeiaiionis of the mother-shoot, opposite to the youngest leaf and somewhat 
later than it. In Asclepias syriac a and some other plants a lateral vegetative branch 
stands beneath the terminal inflorescence between the insertions of the foliage-leaves, 
which themselves also produce shoots in their axils. According to Pringsheim* 2 
lateral shoots arise on the concave side of the long spirally-curved vegetative cone 
of Utricularia vulgaris which he considers to be extra-axillary branches, while 
normal shoots are formed in the axils of the leaves which stand in two rows on 
the convex side of the shoot or by their side. It appears to me however certain 
that these extra-axillary structures on the concave side of the mother-shoot are leaves 
of peculiar form 3 , since inflorescences are produced in their axils. 

The suppression of the bracts of the inflorescence, which is not uncommon, 
cannot be placed in the same category as the cases just mentioned of extra-axillary 
branching, where large leaves in the axils of which buds are also formed exist 
near the extra-axillary lateral branches. Here, on the contrary, as for instance in 
Crucifer® and the capitulum of many Composite, the formation of leaves on the 
branching axis of the inflorescence is itself entirely suppressed ; there are no leaves 
in the axils of which the branches could stand. The branches are however produced 
as if the leaves were actually there. With reference to the changes in the mode of 
branching met with in passing from the vegetative to the floral region and to the 
frequent transference of the bract on to the branch axillary to it, the remarks on 
p. 598 may be consulted. 

Adventitious buds are rare in Dicotyledons, as they are in Phanerogams 
generally. Those which are commonly formed with an exogenous origin in the 
indentations of the margins of the leaves of Bryophyllum calycinum are well known, 
and serve to propagate the plant. They sometimes occur (according to Peter- 
hausen 4 ) in Begonia coriacea in the form of small bulbs on the peltate surface of 


1 See Guillard, Bull. Soc. Bot. de France, vol. IV, 1857, p. 239 (quoted by Duchartre, Elements 
de Bolanique, p. 408). 

* Zur Morphologic der Utricularien, Monatsber. der konigl. Akab. dcr Wisscnch. Feb. 1869. 

8 This of course depends on what is conddered le*f and what shoot ; this is not however a 
matter of simple observation, but rather of conventional conceptions convenient for a special 
purpose. 

4 Beitriige zur Entwickelung der Brutknospcn (Hameln 1869), where various examples are also 
given of axillary buds of Dicotyledons which form deciduous gemma* : as in Polygonum viviparum, 
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the leaf where the principal veins radiate \ On the adventitious buds on the leaves 
of Utricular ia , Pringsheim's treatise already quoted may be consulted. Adventitious 
buds more often spring from roots, e. g. in Anemone japonic a, Linaria vulgaris , 
Cirsium arvense , and Populus trcmula , according to Irmisch The shoots which 
spring from the hark of the older stems of trees must not at once be set down as 
the development of adventitious buds ; since the numerous dormant buds of woody 
plants may long remain buried and yet retain their vitality. 

The Leaves of Dicotyledons exhibit a greater variety both in their position and 
their form than those of all other classes of plants put together. The ordinary 
phyllotaxis of seedlings begins with a whorl of two cotyledons, and continues 
either in decussate pairs or passes into a distichous arrangement or into whorls 
consisting of larger numbers or spiral arrangements with the most various angles 
of divergence. More simple arrangements, especially that of decussate pairs, are 
generally constant in whole families, the more complicated arrangements usually less 
constant. Axillary branches usually begin with a pair of leaves which are either 
opposite or alternate, and stand right and left of the median line of the mother-leaf. 

It is quite impossible to give in a short space even a general account of the 
forms of leaves, even apart from cataphyllary leaves (scales on underground 
stems and those which envelope persistent buds), hypsophyllary leaves or bracts, 
and floral leaves; only a few of those forms of foliage-leaves can be mentioned' 
here which are peculiar to or characteristic of Dicotyledons. The foliage leaves 
are usually divided into a slender leaf-stalk ( petiole ) and a flat blade (lamina) ; the 
lamina is very commonly branched, t\ e. lobed, pinnate, compound, or incised ; and 
even where it forms a single plate (simple leaf) the tendency to branching is gene- 
rally indicated by indentations, teeth, or incisions in the margin. The branching 
of the lamina has usually a distinctly monopodial origin, but its development may 
continue in a cymosc manner, a helicoid succession of lateral lobes being formed 
on each side right and left of the centre of the leaf (as in Rubus , Helleborus , 
& c., see Fig. 141). The sheathing amplexicaul base is not common in Dicotyledons 
(but occurs in Umbellifera*) ; and the occurrence of Stipules in its place is more 
common. The cohesion of opposite leaves into a single plate pierced by the stem 
is not uncommon (‘ perfoliate ' leaves, as in Lamium amplexicaule, Dipsacus Fullonum , 
Lon leer a Caprifolium , species of Silphium , Eucalyptus , See .) ; as well as the downward 
prolongation of the lamina of the leaves (‘ decurrcnt leaves '), which distinguishes the 
* winged ’ stem of Verbascum 1 Onopordon, See. The not uncommon ‘ peltate * leaf also 
scarcely occurs in so marked a manner in any other class ( Troptcolum , Victoria regia , 
&c.). The power of Dicotyledons to dcvelopc from their foliage-leaves organs of 
the most diverse functions adapted to the most various conditions of life is seen in 
a very striking manner in the common occurrence of leaf-tendrils and leaf-spines, 
and still more in the formation of the aseklia or ‘ pitchers ’ of Nepenthes , Cephalotus y 
Sarraicnia, &c. 


Saxifraga granulala, Dentaria bulbifera , Ranunculus Fi curia, See. [Berge, Ueb. Dryophyllum calycinum , 
Zurich 1877.] 

1 The common method of propagating Begonias is by cutting or tearing the leaf, which, if then 
placed on moist soil, produces buds on the edges.] 
a [Irmisch, Hot. Oaz. III. pp. 146 and 160.] 
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The Venation of the foliage-leaves (with the exception of the thick leaves of 
succulent plants) is distinguished by the numerous veins which project on the 
under side, and by their curvilinear anastomoses by means of fi bro- vascular 
bundles running through the mesophyll itself. The mid-rib, which usually divides 
the leaf into two symmetrical but sometimes into very unsymmetrical halves, gives 
off lateral veins right and left; one, two, or three strong nerves, similar to the 
mid-rib, often springing in addition from the base of the lamina right and left 
of the median line. The whole system of the projecting veins of a foliage-leaf 
behaves like a monopodial branch-system developed in one plane, the interstices, 
being filled up by the green mesophyll in which lie the anastomoses combined 
into a small-meshed network. Within the meshes still finer bundles are usually 
formed which end blindly in the mesophyll. In membranous cataphyllary and 
hypsopbyllary leaves and the perianth-leaves of the flowers the projecting veins 
do not usually occur; the venation is more simple and more like that of Mono- 
cotyledons k 

The Flower 8 . In the great majority of Dicotyledons the parts of the flower are 
arranged in whorls, or the flowers are cyclic ; only in a comparatively small number 
of families (Ranuneulacece, Magnoliace®, Calycanthacese, Nymphceacese, and Nelum- 
biacca*) are all or some of them arranged spirally {acyclic or he mi cyclic 1 * 3 ). 

In Cyclic Flowers the whorls are usually pentamerous, less often tetramerous, 
both numbers occurring in nearly-related plants. Dimerous or trimerous or combi- 
nations of dimerous and tetramerous whorls are much less common than penta- 
mefous, and are usually characteristic of smaller groups in the natural system. 

When the floral whorls are tetramerous or pentamerous, they are generally four 
in number, and are developed as Calyx, Corolla, Androecium and Gynscceum. In 
dimerous or trimerous flowers the number of the whorls is much more variable, and 
then it is not uncommon for each series of organs to be made up of two or three 
whorls; while in the previous case the multiplication of the whorls is almost entirely 
confined to the androecium. 

The corolla is frequently absent, and the flowers are then said to be ape la ions. 
When the calyx and corolla are both present the number of their parts (sepals and 
petals) is almost always the same ( Papaver is an exception); but this is not the case 
with the number of the whorls. In Crucifer®, for example, the calyx consists of two 
decussate whorls of two sepals each, the corolla of one whorl of four petals. When 
the perianth and androecium are both present (whether the former consist of calyx 
only or of both calyx and corolla), the number of their parts is usually the same, that 
is, the flower is isostemonous, but the stamens are often more, rarely fewer in number 
than the parts of the perianth, and the flower is then anisostemonous. When the 

1 [The structure of the leaf compared with that of the stem has been worked out by Casimir De 
Candolle, Archives des Sciences, 1868; the ‘Student’ for the same year contains an abridged 
translation of his paper.] 

a The floral diagrams given here are drawn partly from my own investigations, but ehiefly from 
the researches of Payer into the history of development, assisted by Doll's Flora of Baden. The 
figures placed beneath the diagrams arc intended to indicate the number and cohesion ol the carpels 
as well as the placentation in those plants the diagram of which is otherwise the same. [See also 
Kichler, Bluthendiagrammc ; Gray, Structural Botany.] 

3 Compare pp. 600 and CoS. 

T t 
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flower is tetramerous or pentamerous the number of carpels is usually less ; when the 
flower is dimerous or trimerous, or when the parts are arranged spirally, the number 
of carpels is not unfrequently larger. 

It will be seen from this brief outline that the relations of number and position 
in the parts of the flowers of Dicotyledons are very various, and cannot be referred, 
as is the case with Monocotyledons with but few exceptions, to a single type. Even 
the establishment of different types for the larger groups is attended with great 
uncertainty, since the knowledge of development necessary in order to refer par- 
ticular forms of flowers to general formulae is often wanting. The too universal 
application of the spiral theory of phyllotaxis in the case of cyclic flowers has 
often increased the difficulty, and has even occasioned doubts which would not 
have arisen without the theory. 

For the great majority of Dicotyledons the floral formula may be given 
S n P n S/ uUn + This formula holds good for most pentamerous flowers 

and for thos$ which are truly tetramerous (or octamerous as Michauxia ) ; so that n 
is in these cases 5 or 4 (or 8 as the case may be). In the andrcecium an indefinite 
number of (alternating) whorls *SV w(+M+ } must be assumed in order to include 



I ; ui. 44° — Diagram of t apnfolwct*:c ; A Ley 
itslrrut, a Lonuera, b Symphortca*pu\ 



f* If ; 441. — Diagram of Par- 
nar\ut (Saxifragacc.f) 



M<'.. 442.— Diagram of Campanulacc.T ; 
A Campanula, a Lobelia 


the large number of flowers in which the andrcecium consists of more than one 
whorl (as e.g. Fig. 451). The mode of expressing the gynaeceum C„(_ w ) is intended 
to show that very commonly the number of carpels is fewer than 5 or 4 (or 8 as the 
case may be) ; m may be of any value from o to ft . In the majority of gamopetalous 
orders and elsewhere there are very commonly only two carpels ; and in this case 
they stand in a median line posterior and anterior ; but on the hypothesis that the 
typical gynaeceum consists of five alternating carpels and has been reduced to two by 
abortion, one must stand in the median position in front, the other obliquely behind. 
A similar difficulty is also presented when the gynaeceum consists of three or of 
only one carpel. It would carry us too far to detail the reasons which nevertheless 
determine me to retain the formula above given for the gynaeceum of flowers of this 
description ; it need only be mentioned that species or genera with the typical five 
carpels occur in the most diverse families and orders where a smaller number is the 
normal one. 

The diagrams Figs. 440-450 represent a selection of cases which can be 
reduced (if no further reference is made to the consideration mentioned above) to 
the general formula which here assumes the simpler expression S n P n St n C„(„ w ). 



DICOTYLEDONS . 


A comparison with nearly-allied forms leaves little room for doubt that the vacant 
spaces indicated by dots in the three outer whorls correspond to abortive members 
in the sense already frequently indicated, even when the absence of these members 
is so complete that the earliest stages of development of the flower give no indi- 




H 1 li.. 440 —Diagram of Memspcrmacea* 



l'n,. 450 —I H.igram of C itttmtnomum (l.aurar <■»*). 



Fig. 45».~ Diagram of AquilegiA (Ranunculaceae). 


cation of them. The same is the case also when the number of carpels is less than 
the typical one. Other cases however occur, as in the case of Rhus (Fig. 452), 
where certain members, in this case two out of the three carpels, disappear in the 
course of development. Crozophora titicioria (Fig. 453) is especially instructive in 
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but sometimes it is less (as in IIyf>ericum perforatum with three staminal bundles 
in the pentamcrous flower) ; so that an increase in the number of stamens is 
united with a decrease of the typical number of staminal leaves. 

The branching of carpels is much less common than that of stamens. It 
occurs very clearly in Malvaceae, where the typical number of carpels is five, 
and they are often developed as such (as in Hibiscus). In some genera however 
(as Malva> Malope , and Althcea) five original rudiments of carpels first of all make 
their appearance in the form of a low cushion. Each of these forms very early 
a larger number of outgrowths lying side by side, and each of these produces a style 
and a one-seeded compartment of the peculiarly-shaped gynseceum l . 

This short sketch will be sufficient to show what variations are possible in 
the numbers and positions of the parts that may be included under the expression 
P n S/ u (+«+'• ) C n (_ m ), which, as has already been said, is especially characteristic 
of flowers with pentamcrous or truly tetramerous whorls. True tetramerous flowers 
are allied not only to those that are octamerous (like Michauxia ), but also to 
those with dimerous whorls, among which CEnotherece may be especially men- 
tioned. Of genera belonging to this family, Epilohium , for example, is constructed 
on the formula »V 2+2 P Xi i C v Circaa on that of S 2 P 2 S/ 2 C 2 ; and Trapa t with 



the formula S M P^ A S( A C V must also be included here. Although in Epilobium 
and Trap a the calyx really consists of two whorls, this pseudo-whorl formed of 
two decussate pairs is followed by the other whorls exactly as if it were a true 
tetramerous whorl. But other dimerous and tetramerous flowers exhibit a more 
considerable deviation from the type, inasmuch as the two dimerous perianth-whorls 
which develope as if they were a tetramerous calyx or corolla are followed by a 
staminal whorl which is superposed on the pseudo-whorl consisting of two decussate 
pairs, as in Urtica and other genera of the order, and in Proteacese with the 
formula S 2 + 2 S/ A (\ (Fig. 370). 

Among the dimerous and trimerous flowers of the orders Polycarpae and 
Cruciflorae, where they are the most perfectly developed, a tendency prevails for 
more than one whorl to go to the formation of the calyx, the corolla, the androeciutn, 
and even the gymeceum, a tendency which may be expressed by the formula 
~ P+ —)('Win—>‘> for example, 

Fumariacex, S 2 P w S / 2+ . . . C r 
Berberideoe, 


1 Sec Payer, Organogenic de la fitur, PI. 6- 8. 
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Berberis, ^S+3 *^3+1 ^3+8 C v . 

Podophyllum , S z P w * St*+ Z C x . 

Cruciferae, S 2 + 2 P Xi St' 2+2 

A large number of examples of this general formula are afforded by the 
family Menispermaceae, in which the whorls are sometimes dimerous, sometimes 
trimerous, while sometimes whorls of each description occur in one flower ; and 
where almost every one of the organs may disappear by abortion l * . 

In addition to the trimerous flowers already mentioned, there are also some 
which come under the first-mentioned general formula S n P n S/ n (^ u ) C n ^ m ); as, 
for example, Rheum with the formula S t P 9 $/f +2 C v Other trimerous flowers 
again appear to belong to a third type, as Asarum with the formula C 9 . 

When the number of staminal whorls is considerably increased, it not unfre- 
quently happens that the number of stamens in each whorl also undergoes change, 
and complicated alternations arise. Flowers the structure of which is otherwise 
altogether different resemble one another in this respect, as is shown by the 
Papaveraceze on the one hand (Fig. 464), and by the Cistineae and some Rosaceae 
on the other hand. 




Flu 464.— «if I’upuveraiccr , -/ ( heluionu 


The reduction of the flower to a simpler condition is often carried so far 
in many Dicotyledons (as in Monocotyledons) that each individual flower consists 
only either of an ovary with one or several stamens, or, when the arrangement 
is diclinous, even only of a single ovary or of a single or several stamens; the 
perianth being either entirely absent (as in Salix and Piperacex*) or reduced to a 
cup-like structure ( Populus , the female flower of Cannabinese, &c.) or to hair-like 
scales among the sexual organs which represent the flower (e.g. Plalanus ). Flowers 
of this kind are generally very small and densely crowded in large numbers in 
the inflorescence (such as capitula, spikes, or catkins). In some cases it may even 
be doubtful whether we have an inflorescence or a single flower, as in the genus 
Euphorbia 3 . 

The development of the separate parts and the entire form of the flower 
in the mature state is so various that it is scarcely possible to state any general 


1 Eichlcr, Ueber die Menispermaceen, Dcnkschrift der k. bayer. Gcs., Regensburg 1864. — 
Payer, Organogenie de la fleur, PI. 45-49. — Eichler, Flora, 1865, Nos. 2 8 et seq. 

a See Payer, /. c. p. 529; [also foot-note to p. 490. It is now generally admitted that the 
Cyatktum of Euphorbia is an inflorescence, a view which was first enunciated by Robert Brown in 
opposition to Linmeus, who regarded it as a single flower. It appears that the stamens are here 

axial (Warming, Ueb. pollenbildeiule Caulomc und Pbyllome, in Hanstein's Bot. Abhdl. 11 , 1873)]. 
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facts concerning them. The perigynous structure of the flower is peculiar to 
Dicotyledons, as is also the occurrence of hollowed axes of the inflorescence, like 
the fig and similar structures, and the cupule, which occur in some families, and are 
dependent on similar processes of growth. . 

The Ovules exhibit, in the different divisions of Dicotyledons, all those varieties 
of structure which have already been mentioned in the introduction. Very commonly, 
especially among the Gamopetaloe, the nuccllus is covered by only one integument, 
which is then often very thick before fertilisation. But on the other hand the 
third integument or aril is much more common than among Monocotyledons. 
When there are two integuments, the outer one — differing again in this respect 
from most Monocotyledons — takes part in the formation of the micropyle, enveloping 
the exostome or entrance to it. In some parasites the ovules are rudimentary, 
and in many Balanophoracea* are reduced to a naked few-celled nuccllus ; while 
in Loranthaceic they are coherent with the tissue of the floral axis in the inferior 
ovary. 

The behaviour of the Embryo-sac' before and after fertilisation is similar 
in most Dicotyledons to that which occurs in Monocotyledons. The endosperm 
usually originates by free cell- formation, and is transformed by repeated divisions 
of the first cells which are formed in this manner into a more or less dense tissue, 
which fills up the embryo-sac either before or after the formation of the multi- 
cellular rudiment of the embryo. But in a very considerable number of families 
belonging to altogether different groups the embryo-sac exhibits on the one hand 
striking phenomena of growth, elongating considerably before impregnation into 
a long tube, and emitting after impregnation one or more vermiform protrusions 
which penetrate into and destroy the tissue of the nuccllus and of the integu- 
ments, or even protrude altogether out of the ovule (as in Paiicuhit is f Lathraa , 
and Iltcs item). On the other hand, in those plants in which the endosperm 
originates by cell-division we leant from Hofmeistcr that the following variations 
occur : — ‘ The whole of the cavity of the embryo-sac behaves like the first cell 
of the endosperm in Asarinea*, Aristolochiacea% Balanophoracea;, Pyrolesv, and 
Monotmpe.e ; the first division of the sac is the result of a partition-wall which 
divides it into two nearly equal halves, each of which encloses a cell-nucleus 
and again divides at least once into daughter-cells. In other eases the first 
cell of the endosperm includes the upper end of the embryo-sac ; the embryo-sac, 
immediately after fertilisation, appears to be divided by a transverse septum into 
two halves, the upper one of which developes into the endosperm by a series of 
bipartitions ; while no such bipartition of the lower 011c occurs in Vistum, Thesium , 
J.iilhraa, Rhinanlhus , Mazus. ALlampyrum , or Ghbulat /a. The first cell of the 
endosperm fills up the middle pari of the embryo-sac in Veronica , Ncmophila y 
ReJiiulans , Plantain , Campanula , Loasa, and Labi at a* ; its lower end in Loran/hus , 
Acanthus , Calaipa, Jlcbcmtreilia , Verbena , and Van imuml In Nymphica , Nuphar , 
and Ceratophyllum , the upper end of the embryo-sac is cut off from the rest 
of the space by a septum soon after fertilisation, and the further development of 

1 Ilofmehtcr, Jahrb. fur wLs. Hot. \ol, I. p. iS^; and Abhandl. dn k« »:i. Sachs. Ges. tier Wiss. 
\ol. \ I, ]>. - > 1 cc supra, p. 579). 
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the daughter-cells or endosperm takes place only in the upper part which also 
encloses the oospore. This mode of formation of the endosperm differs however 
from that which occurs in the plants mentioned above, in taking place in the upper 
half of the embryo-sac by free cell-formation. 

In the very large majority of true parasites (except Cuscuta) and saprophytes, 
the endosperm is formed by cell-division ; in Cuscuta however by free cell-formation. 
Hofmeister states that only slight indications of the formation of endosperm are 
to be found in Tropaolum and Trapa. 

The mode of formation of the Embryo of Dicotyledons, as it has now been 
elucidated by Hanstein's recent researches, has already been explained in the 
introduction to Angiosperms (see Fig. 403). It need now only be stated in 
addition that in parasites destitute of chlorophyll and in some saprophytes the 
seeds become ripe before the embryo has emerged from the condition of a 
roundish mass of tissue still without external differentiation of parts (c. g. in 
Motiotropa , Pyrola , Orobamhc , Balanophoracex', and Ralllesiaeciv). 

With reference to the Histology \ 1 will confine my remarks here to a description 
of the behaviour of the fibro-vascular bundles and of the mode in which the stein 
increases in thickness. 

With the exception of a few water-plants of simple structure, in which a purely 
cauline fibro-vascular cylinder runs through the stem and increases in length at its 
summit, the foliar bundles originating from it later (in Hippuris , Aldrovanda , Ceratn - 
phyllum , and to a certain extent also Trapa , according to Sanio), it is the general rule 
that * common’ bundles are first formed, the ascending branches of which enter the 
stronger foliage-leaves generally in large numbers, and then pursue their course as isolated 
bundles in the leaf-stalk and mid-rib, giving off the secondary bundles which constitute 
the venation of the lamina -. The branches which descend into the stem mostly run 
downwards through several internodes, become first interposed between the upper parts 
of the older, bundles, and sometimes (Fig. 465) first split and then coalesce laterally 
with the older bundles lower down. Sometimes (as in Iberis) every bundle is twisted 
in the stem and in the same direction, so that the bundles which have coalesced 
sympodially, belonging to leaves of different heights on the stem, ascend spirally within 
the cortex. But most commonly they run parallel to the axis of the stem, until they 
anastomose with older bundles lower down. The bundles do not bend deeply into the 
inner tissue of the stem, but turn downwards and run parallel to one another at the 
same distance below the surface, so that they lie in one layer, which presents the 
appearance of a ring on transverse section separating the fundamental tissue into pith 
and primary cortex. 'The portions of the fundamental tissue which lie between the 
fibro-vascular bundles connect the pith with the primary cortex, and form the primary 
Medullary Rays. If there is no subsequent increase in thickness no further change takes 


1 Uanstein, Jnlub. fiir wiss. Hot. vol. 1 . p. 233 etseq.; and for the gii die-shaped combinations 
of vascular bundles, Abb. der Hcrl Akad. 1857, S. Nagcli, lkitrage zur wiss. Hot. Leipzig. Heft 1 , 
1858 ; and Diekcinvachslhum und Auordnung dei Defassst range bei den Sapindaceen, Munchen 1X64. 
— Sanio, Hot. Zeitg. 1X64, p. 19 ^ etseq.. and l86 f n, p 165 etseq. — Fielder, Denkschrifl der kon.ba^er. 
Hot. Cicsclls. vol. V. Heft I. p. 20, Regensbuig 1864. — [I)e Hary, Verglciehcride Anatomic der 
Vegclalionsorgane der Phanerogamen und Fame, 1877.] 

a When several fibro-vascular bundles enter a leaf-stalk, they are generally widely separated 
by the fundamental tissue; but sometimes, as in the Fig. the bundles aie arranged in a circle on 
transverse section, and form a closed hollow cylinder which divides the fundamental tissue of the 
leaf stalk into pith and cortex. Isolated fibro-vascular bundles also run into the pith of the lcn.f--.lulk 
in the f ig, as occurs also in the stems of some Dicotyledons. 
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place. But usually, even in annual stems (as Helianthus and Brassica) and invariably in 
woody stems an,d branches, several years old, the subsequent increase in thickness 
begins after the elongation of the internodes. A layer of cambium is formed in each 
bundle between the phloem, which is external, and the xylem which is turned towards 
the axis of the stem ; the cambium layers of the bundles, which are at first separated by 
the medullary rays and lie side by side in a ring, unite into a closed mantle of cambium, 
an interfascicular cambium being formed by divisions in the intermediate cells of the 
medullary rays, which bridge over the spaces between the layers of the cambium 
of the separate tibro-vascular bundles (see Fig. 93). The Cambium-ring thus formed 
produces on the outside layers of phloem, on the inside layers of xylem, while it is at 
the same time itself constantly increasing in circumference. All the tissue formed in the 
fibro-vascular bundles from the cambium-ring on the outside may be termed Secondary 
Bast , all the xylem formed on the inside Secondary Woody in opposition to the Primary 
Bast and the Primary Woody which consist of the isolated bundles of phloem and 
xylem of the foliar bundles which were already in existence before the formation of the 
cambium-ring. While the wood which is produced from this cambium-ring forms a 
hollow cylinder, the primary woody bundles project from the inside of the ring into the 
pith as ridges, and often cause it to present on transverse section the appearance of 



T'M.. 465 — T/k- * < mi s* <if the l un-Jh'- m iv\o inti in<nk% of S> / hulas they lie in .1 i ylitich r vUik.1i (•, here 
fl.iiltneil mil , r.u h intcrnorlc htar«. two opposite leaves, ami i\n h leaf m * ives fr >m the Men a inuhllc Iniiidlr h h .uni 

there are in addition Wr aker bundles s" i” united by hoti^oiitjl branches, from which bundles u n ascend into the 
stipules. (After Hamden i.) 


a star. The whole of these primary xylem-bundles are included in the term Medullary 
Sheath ; and in the same sense one may adopt Nageli’s term of Cortical Sheath to express 
the whole of the primary bast-bundles at the periphery of the bundles. The growth in 
length of the medullary and cortical sheaths accompanies that of the internodes which 
takes place before the formation of the cambium-ring, and they therefore generally consist 
of very long elements; — the medullary sheath of very long annular, spiral, and reticulated 
vessels intermixed with long woody fibres; the cortical sheath containing bundles of long 
bast-fibres which become widely separated from one another by the increase in circum- 
ference of the stem, and which are often strongly thickened but long and flexible; in 
addition to these, long cambilorm cells and elongated bast-vessels (latticed and sieve-tubes) 
occur in it. T he structural elements of the secondary cortex are, like those of the 
secondary wood, shorter ; in the secondary wood there are no annular or spiral vessels, 
these being altogether replaced by shorter and broader vessels with bordered pits, sur- 
rounded by wood-fibres intermixed with woody parenchyma (see p. 116). The secondary 
cortex forms either a number of layers of thick-walled as well as thin-walled bast-fibres, 
and partially parcnchj matous masses of phloem, or these last only, or the most various 
combinations of both. Finally the primary cortex and the epidermis are both generally 
supplanted by the formation of periderm and bark ; although they may sometimes 
undergo a considerable growth in thickness by increasing in diameter at the same time 
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that longitudinal divisions are formed (as in Vtscum 9 Helianthus annuus , &c.). The 
masses of gylem and phloem formed by the activity of the cambium-ring are pene- 
trated lengthwise in radial direction by secondary medullary rays consisting of hori- 
zontal cells which in the wood are not always lignified, and in the secondary cortex 
are generally soft and parenchymatous. In the one case they are called xylem- 
rays, in the other phloem-rays, and always have the power of taking *ip assimilated 
food-materials. In proportion as the cambium-ring increases in size, the number of 
these rays increases ; and the later layers of wood are always traversed by a larger 
number of rays. They are one or more layers of cells in thickness, and form thin 
vertical plates wedge-shaped at their upper and lower edges, which have the appearance 
in a longitudinal section of ribbon-like structures (the i silver-grain ’). In a tangential 
section the flbro-vascular bundles which run through the length of the stem are seen to 
form a network of elongated meshes, through which the rays pass (especially clearly seen 
in decaying cabbage-stumps). The medullary rays, like the fibro-vascular bundles, are 
added to by means of the cambium-ring outwards and inwards ; and as the ring increases 
in thickness, it produces new rays between the old ones. 

[The following tabular account of the structure of the secondary wood (xylem) in 
Dicotyledons is taken from De Bary (Vergleichende Anatomie) : — 

1. Wood consisting only of tracheides with bordered pits : — 

Wintered (I) rimy s Winteri , Fasmannia aromatic a ; also Trochodendron ara - 

lioides): (Conifers 1 ). 

2. Wood consisting of vessels, tracheides, parenchyma, and intermediate cells 

a. With no intermediate cells; Ilex aquifolium, St ap by lea pinnata, Rosa 

canina , C rat cry us monogyna , Pyrus communis , Spiraea opulifolia , Ca- 
mellia , &c. 

b. With no parenchyma ; Porlieria. 

c. With both parenchyma and intermediate cells ; Jasminum reiwlutum, 

Kerri a, Potentilla fruticosa, Casuarina equisetifolia and torulosa , Aristo - 
lochia Sipho, & c, 

3. Wood consisting of vessels, tracheides, fibres, parenchyma, and intermediate 

cells : — 

a . With no intermediate cells; fibres unseptate; e.g. Sambricus nigra 

and r a centos a, Acer platnnoides , pseudoplatanus , and campestris. 

b. With both parenchyma and intermediate cells; fibres unseptate; 

Berber is t'ulgaris , Mabonia ; (Ephedra), 

c. With no intermediate cells; fibres septate and unseptate; Punica 9 

Euonymus latifolius and eu roper us, Celastrus scandens , Pit is •vinifera , 
Fuchsia globosa , Centradenia grand ij'olia, Hedera Helix , &c. 

d. With all four kinds of cells; Muhlenbeckia c ample xa, Ficus (?). 

1 4. Wood consisting of vessels, tracheides, fibres, parenchyma, and intermediate 
cell?. This is the most common, and may be taken as the typical struc- 
ture. — 

a . With no intermediate cells ; Sparmannia africana, Caly cant bus, Rbam - 
nus cathartic a, Rihes rub rum, Quercus , Castanea , Carpinus sp., 
Amygdaleae, Melaleuca , Callistemon sp., Sic. 

1 [According to Sanio, Taxus baccata has wood of this composition, but Hartig and Kraus 
state that some parenchyma is also present ; this parenchyma is better developed in the other 
Conifers.] 

a [See mpra, p. 119. These cells were first distinguished by Sanio, who termed them ‘ersatz- 
fasem ’ (replacing- fibres), because they frequently take the place of the wood- parenchyma. The 
term ‘intermediate* used above refers to the fact that they aie intermediate in lorm between 
prosenchymatous and parenchymatous cells.] 
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b. With no parenchyma ; Caragana arborescens. 

c. With both kinds of cells; most foliage-trees and shrubs, e.g. Salix, 

Populus sp., LirioiLndron , Magnolia acuminata , Alnus glutinosa , Be tula 
alba , Juglans regia t Nerium> ( Idia, Hakea suai'eolens , Ail ant bus , 
Rob ini a, Gleditscbia sp t) Ulex europtfus , & c. 

5. Wood consisting of vessels, fibres, parenchyma, and intermediate cells: — 

a. With no parenchyma; Viscum album . 

b. With no intermediate cells; Avicennia . 

r. With both kinds of cells ; Fra x inns excelsior , Ornus , Citrus medic a, 
PI at anus , &c. 

6. Wood consisting of vessels, fibres, and parenchyma: — 

Cheiranihus Cbciri, Begonia. Also many Crassulacear and Caryophyllaceic. 

7. Wood consisting of vessels, fibres, parenchyma, and true woody libres 1 (?) : — 

Cohus Mac/ at i, Eugenia australis , Hydrangea hart etuis. 

8. Wood consisting of vessels, tracheides, woody libres, septate fibres, parenchyma, 

and intermediate cells: — 

j Ceratonia silt qua, Btgnonia caprcolata ; it is however still doubtful if true 

woody fibres are present.] 

When the increase in thickness of a stem ceases periodically and is renewed 
with each new period of vegetation, as in our woody plants, a layer of wood is 
formed during each period of growth (and usually also a secondary cortical layer), 
which is sharply marked off from those of the preceding and of the following year, 
and is called an Annual Rtng of the wood. These annual rings are usually distinctly 
visible to the naked eye, because the mass of wood formed in the early part of each 
period of vegetation has usually a different appearance from that formed in the autumn, 
the latter being denser, the former less dense and generally with a greater number of 
vessels. The wood formed in the spring consists also of wider cells than that produced 
in the autumn, and the radial diameter of the cells is usually greater. The cells formed 
in the autumn appear compressed radially and broad in the tangential direction ; their 
cavities arc smaller, and hence, other tilings being equal, the thickness of their wall is 
greater. A given quantity of wood produced in the autumn is therefore denser than 
a like volume formed in the spring 2 . While Dicotyledons differ so widely from .M0110- 

1 [The distinction which is drawn between ‘fibres* and ‘true woody fibres’ is in then contents : 
the fonner nearly always contain starch, in some cases 'Spinva salicifolta , young wood of Vitis 
vintfera and Cen'radenia grandifuhn ' chlorophyll, and in otheis { Syria g a vulgaris ) tannin: the latter 
contain air and water, and sometimes a meie le-adue c>f protoplasm. These two kinds of libres 
usually occupy the same relatne position in a tibn>-\asuilar bundle, and it is doubtful if they aie 
cvei both present in the same bundle: the ‘fibre.-*' gradually become converted into ‘ woody fibies.’ ] 

a The cause of this ditieicncc is not yet known ; but 1 suppose that it depends simply on the 
difference in pressiue to which tin cambium anti the wood are subjected from the surrounding cortex. 
This j.icasuie is less in the spring, and constantly itm eases till the autumn. 1 have no direct 
measurements of this, but conclude it from the fact that the* longitudinal fissures in the bark 
become wider in February and Match, as may he clenily seen in the Oak, Maple, Poplar, Walnut, &c. 
] cannot here explain the cause ol this; but in any ease the bark, the longitudinal fissures of which 
have become w ider in u inlet, must exert less pre-sute on the- cambium in the spring, and the cells of 
the wood must thciefoie be able to extend moie easily in a ladial direction. The pressure which 
the baik cxcits on the cambium mu.l continually increase by the thickening of the ling of wood 
internally and the drying up of the baik in summer externally, and must aficct the ladial growth of 
the young cells of the autumnal wood. Fusilier inu-siigalions which 1 am pioposing to make will 
determine whether my theoiy is correct.’- 1 his hypothesis which I hi ought forward in the first 
edition, has lecen’lv been fully confirmed by the irseaichcs of II. deVries. (Sec Flora, 1 S 7 2, no. 16, 
and -*c( t. 15 of Hook 111 of this work.) 
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cotyledons in this mode of increase of their stem* in thickness, they agree almost entirely 
in this respect with Gymnosperms, except that in these latter there are no pitted vessels 
in the secondary wood. In this respect however, according to von Mohl, Ephedra 
indicates a transition to Dicotyledons. The organisation of Dicotyledons shows also 
in some sense a higher sta^e of development in the greater varieties of the forms of 
cells of which the xylem and phloem are composed. 

A remarkable deviation from these normal processes is exhibited by the Sapindacea\ 
In some plants of this order the stem has the ordinary structure; but in others a 
transverse section shows several smaller woody cylinders of various sizes outside the 
usual one and lying in the secondary cortex. Each of these increases in thickness, like 
the normal ones, by a cambium-layer which surrounds it. Niigeli supposes the cause 
of this structure to be that the primary fibro-vascular bundles of the stem do not lie in 
a circle on the transverse section, but in groups more towards the outside or inside. 
When the connecting bands of cambium are formed in the fundamental tissue, the 
isolated bundles become united on the transverse section, according to their grouping, 
into one (as in Paullinia) or several (e g. Serjania ) closed rings. 

The cause of a large number of deviations of different kinds from the normal 
structure of the stem in Dicotyledons which occur in various families, is the formation 
of other cauline bundles of later origin in the stem besides the common bundles, either 
within the primary pith or outside the ring in which the common bundles lie. We owe 
to Niigeli a more exact knowledge of these cases, and more especially to the very 
exhaustive labours of Snnio, which form for the most part the basis, in addition to 
my own observations, of the following short sketch, without going in detail into special 
cases 1 . I must refrain, in particular, from giving a detailed account of the behaviour of 
Sanio’s thickening- ring or of Niigeli’s meristem-ring, as this would involve considerable 
prolixity. 

These phenomena may be classified into two groups, according as the secondary 
(cauline) bundles originate within or without the circle of the primary (common) 
bundles. Sanio calls the former the endogenous, the latter the exogenous mode of 
origin. 

First Group . The secondary bundles are formed outside the primary bundles 

(exogenous). 

a. The primary (common) bundles lie near the axis of the stem, and remain more or 
less isolated, while the secondary (cauline) bundles are formed by a closed cambium-ring 
external to the primary bundles, which continues to grow on the outside (originally a 
‘thickening-ring* in Sanio’s sense). Examples are furnished by Mirabil'ts, A mar ant bus, 
A triplex, Ghenopodium album , and probably by all the Nyctagineae and Mesembryan- 
themacear. 

b. The primary (common) bundles lie in a ring on the transverse section and continue 
their growth by means of a closed cambium-ring, which however soon disappears. A 
new cambium-ring is then formed outside the one which has disappeared, and another 
one again outside this one when it has in turn disappeared. Several circles of fibro- 
vascular bundles are thus formed, continually increasing in number. In many Meni- 
spermaceac (e.g. Gocculus), the new outer circle of vascular bundles together with its 
cambium-ring is developed from a ring of meristem which lies in the primary cortex 
and therefore outside the primary bast, — a phenomenon which is repeated in the cortex 
as its growth proceeds (Niigeli). In Phytolacca, on the other hand, and, according to 
Eichler, also in Dilleniaceac. Wistaria, Bauhitiia , Polygalcar ( Securidaca and Comesperma), 
Cissus , and Phytocrene, the successive circles of bundles originate in the secondary bast. 

Second Group . The secondary bundles arise early after the primary bundles further 
inwards or nearer the axis of the stem (endogenous). 

1 [Oliver has collected the bibliography of the structure of the stem of Dicotyledons in the Nat. 

Hist. Rev. 1862. pp. 298-329, and j 863, pp. 251 258.] 
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a. Both the primary and the secondary bundles remain isolated ; they are not 
united by a closed cambium-ring, but anastomose with one another, as in Cucurbita , 
Nymplueaceac, and Pap aver. In the Cucurbitaceae and Piperaceae the more internal 
bundles are arranged in a ring, but in the Nymphacaceas they are arranged irregularly, 
so that the transverse section of the stem bears a greater or less resemblance to that 
of a Monocotyledon. 

b. The primary bundles lie in a ring on the transverse section, and are united by 
a cambium-ring ; the secondary bundles arise at an early period in the pith and remain 
isolated and scattered on the transverse section ; they anastomose with one another and 
with the primary bundles in the nodes of the stem. Examples are furnished, according 
to Sanio, by Begoniaceac, Aralia, and some Umbelliferse. 

The Cell-forms of the phloem and xylem of Dicotyledons have already been described 
in general terms (see p. 116 et seq.). Only two peculiar phenomena need be mentioned 
here. In Cucurbitaceae, some Solanaceae, and Nerium (and in a certain sense also in 
Tecoma radicans x ), a phloem -tissue is found not only on the outside but also on the inside 
of the fibro-vascular bundles, which is developed with especial strength in Cucurbitaceae. 
The isolated fibro-vascular bundles in the pith which are enclosed by the ring of wood 
sometimes fifaow an abnormal arrangement of their phloem and xylem. Thus, according 
to S.inio, Aralia racemosa has, within the normal circle which grows by means of a 
cambium-layer, an endogenous circle of closed fibro-vascular bundles in which the xylem 
is peripheral and the phloem central as regards the stem. The isolated bundles in the 
pith of Phytolacca dioica on the other hand consist, according to Niigeli, on a transverse 
section, of a hollow woody cylinder which surrounds the phloem on all sides and is 
penetrated by xylem-rays. 7 'he isolated fibro-vascular bundles of the pith in the rachis 
of the inflorescence of Ricinus communis also consist of a thin axial bundle of phloem (?), 
surrounded by a sheath of cells (xylem ?) arranged in rays. 

A layer of collenchyma is very common in Dicotyledons beneath the epidermis of 
the internodes and leaf-stalk. 

The Classification of Dicotyledons 2 has now been carried out so completely that the 
smaller groups which are called Families 3 , and which usually comprise genera very 
nearly related to one another, have been united into larger groups or orders ; so that 
at present only a few families remain unplaced. The greater number of the orders can 
also be again arranged into larger groups which are clearly connected by actual relation- 
ship. Systematists have not however up to the present time agreed as to how many of 
these cycles of affinity should be established, so as to make the primary division of the 
whole class of Dicotyledons in accord with the requirements of scientific classification. 
The grouping of all Dicotyledons into three sections, A petals, Gamopetalac, and Eleu- 
theropetalae, proposed by De Candolle and Endlicher 4 , is now abandoned by most, 
although still much in use for practical purposes. A. Braun 6 placed among the Eleu- 
thcropetalse the greater number of plants previously classed among Apetalae; and 
Hanstcin* has now distributed among them the remainder, so that the whole class 
consists of only two sub-classes, Gamopetalae and Eleutheropetalac. This classifica- 

1 [A cambium-ring is formed internally to the primary* bundles in the stem of this plant; sec 
Nagel i, Beitragc, I : ako Sanio, Bot. Zeitg. 1864, p. 228.] 

u [See note to p. 630.] 

* s Le Maout and Decaisne’s Traite general dc Botaniquc, descriptive et analytique, is strongly to 
be recommended for a study of the diagnosis of the families [translated by Mrs. Hooker; London 

* 87 . 0 - 

4 Endlicher, Genera plantarum secundum ordines naturalcs disposita, Vindobonse, 1836-1840; 
and Enchiridion botanicum, Lipsisc — Vienna;, 1841. 

A Braun, Ucbersicht des naturlichcn Systems, in Aschcrson*s Flora der Trovinz Brandenburg, 

1 864. 

6 Ilanstein, Ucbersicht des natiirlichen Pflanzensystems, Bonn 1867. In the first edition of this 
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tion however assigns far too great an importance to this particular point of structure, 
considering that on the one hand flowers occur among the Eleutheropetalae which 
differ greatly from one another not only in this but also in every other respect ; while 
on the other hand the most intimate relationship exists between particular sections of 
Eleutheropetalae and of Gamopetalae. I therefore think it convenient, while retaining 
the largest sub-divisions of the class, to employ also other characters in the classifi- 
cation; and to make use of the character drawn from the cohesion or non-cohesion 
of the petals in the subdivision of the largest group, that provided with two perianth- 
whorls. In the following classification Dicotyledons are split up into five divisions of 
equal systematic and morphological value, which should rather be arranged parallel to 
one another than in a single linear series. This classification has also, I think, a practical 
advantage; since the extraordinarily large number of families and orders can be more 
easily kept in the memory when they are at once arranged in several comprehensive 
groups of equal value. 


DICOTYLEDONS. 

I. Juliflor® : 

A. Piperincae, 

B. Urticinex, 

C. Amentiferx. 

II. Monoclilamyde® : 

A. Scrpentariese, 

B. Rhizanthex. 

III. Aphanocycl®: 

A. Hydropeltidinex, 

B. Polycarpx, 

C. Crueillorx. 

IV. Tetracycl® : 

(«) Gamopttal<E : 

A. Anisocarpae, 

B. Isocarpx. 

(ft) Eleutheropetala. : 

C. Eucyclx, 

D. Centrospermx, 

E. Discophorx. 

V. Perigyn®: 

A. Calyciflorx, 

B. Coroll iflorx. 

The sections designated by capital letters correspond partly to single orders, partly to 
whole series of orders in the system referred to above. 

I. JULlFLORifc. 

Flowers very small or inconspicuous, crowded in dense inflorescences— spikes, capi- 
tula, or less often panicles— which are often of very peculiar form ; naked or with a 
simple sepaloid perianth, and usually diclinous; the male and female flowers often 
different. Leaves simple. 

A. PiperincG . Flowers very small, in dense spikes subtended by bracts, without 

book I followed this work with but little deviation. Compare also Grisebach, Grundriss der 
systemalischen Botanik. 
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a perianth, The small embryo lies, surrounded by the endosperm, in a hollow 
of the copious perisperm. Herbs or shrubs, often with verticillatc leaves. 

Families: 1. Piperacese, 

2. Saurureae, 

3. Chlorantheae. 

B. Urtic ine<r. Perianth simple, sepaloid, three- to five-partite, sometimes absent; 
stamens superposed on the segments of the perianth; flowers hermaphrodite or 
diclinous, and then the male and female flowers different (3), usually in densely 
crowded Inflorescences, the female flowers in spikes, umbels, capitula (2) or some- 
times panicles (3), not unfrequent I y developing into peculiar pseudocarps (as the 
Mulberry, Fig, Bread-fruit, and Dorstenin). Fruit usually unilocular, rarely bilocular; 
ovules one or rarely two in each loculus; seed usually with endosperm. Large 
shrubs or trees 1 ; leaves stalked, usually stipulate. 

Families: 1. Urticaccir, 

F rticcac, 

M oresr, 

j Artoearpca*, 

2. Platanacea:, 

3. (I.innabinea', 

4. Fimacea* (including Celt idea:). 

C. A went] fci (P. Flowers diclinous, cpigynous, in compact panicles (false spikes); 
the female few-flowered inflorescence in (2) surrounded by a cupule. Fruit dry, 
indehiscent, one-seeded; seed without endosperm. Frees with deciduous stipules. 

Families: 1. Bctulacea.% 

2. Cupuiitene. 

II. MOXOCHI.AMYUKE. 

Flowers large and conspicuous and consisting of a simple more or less petaloid, 
usually gamophyllous perianth, one or more staminal whorls, and a polvcarpellary ovary ; 
carpels equal in number to or double that of the segments of the perianth. T he number 
of members of the whorls is derived from the typical numbers two, three, four, or five, 
and generally increases in the inner whorls. Ovary generally inferior and surmounted 
by a short thick columnar style, to which in the hermaphrodite flowers the stamens are 
usually partially or entirely adherent. Flowers often diclinous. Seeds numerous. 

A. Serpentariert . Creeping or climbing plants with slender sterns and large 
simple leaves; floral whorls dimerous and tetramcrous (1) or trimerous and hex- 
amerous; perianth-leaves free (j) or coherent into a tube; ovary of four or six 
loculi ; embryo small but differentiated. 

Families: 1. Nepentheir, 

2. Aristolochiaccac, 

3. Asarincx*. 

B. Rhizrtnthert. Root-parasites without chloroph)ll or foliage-leaves, generally 
with stunted vegetative organs and very large solitary flowers or small flowers in 
a dense inflorescence fi); whorls dimerous to octaincrous (1), trimerous (2), or 
pentamerous and decamerous (3); ovary with one or eight (1) loculi; the placentae 
and anthers of very peculiar form ; a very great number of small seeds with rudi- 
mentary embryo. 

Families: 1. Cytinear, 

2. Hydnore*, 

3. Rafllesiacex. 

1 [The Urticex* include a number of herbaceous genera.] 



DICOTYLEDONS. 


6.57 


III. Aphanocycl^c. 

Flowers hemicyclic or cyclic, or the parts arranged spirally ; the members of each 
whorl usually free, not coherent with one another, or only in the gynaeceum ; perianth 
generally distinctly differentiated into calyx and corolla ; the numbers of the parts in the 
four whorls very variable ; stamens usually more in number than perianth-leaves ; carpels 
forming generally one, several, or a large number of monocarpellary ovaries ; the ovary 
is usually superior and, when polycarpellary, is uni- or multi-locular. Ovules springing 
occasionally in all the groups from the inner surface of the carpels. 

A. Hydropeltidinece. Water-plants with solitary lateral and usually large flowers, 
the perianth-leaves and stamens variable in number and arranged spiraHy; ovaries 
several and monocarpellary ( r, 2), or one only polycarpellary and multilocular ; embryo 
small, usually surrounded by a small endosperm in a hollow of the perispenn. 

Families: 1. Nelumbiaceae, 

2. Cabombea:, 

3. Nymphxaceae. 

B. PolycnrpfP. Parts of the flowers arranged spirally or in whorls, when in 
whorls usually dimerous or trimerous, each series generally consisting of more than 
one whorl, rarely in four pent amorous whorls (2); gyna*ceuni consisting of one, 
several, ora larger number of monocarpellary ovaries (trimerous and unilocular in 8), 
which arc one- or many-seeded; embryo small; endosperm none (8), abundant, or 
very large (9b 

Families: 1. Ranunculacca*, 

2. Dillcniaceir, 

3. Schizandrcx, 

Anonaccx, 

5. Magnoliaccx, 

6 . Berberidca*, 

7. Menispermacex, 

8. Lanrineae, 

9. M yristicacex. 

C. Cruriflt.ra ». Perianth-whorls dimerous; in (3) and (4) corolla of four petals 
placed diagonally ; staminal whorls two or more, each consisting of two stamens or 
divisible by two; ovary polycarpellary, unilocular, or (spuriously) bilocular, or multi- 
locular; seed with (1, 2) or without endosperm. 

Families: 1. Papaveraceae, 

2. Fumariaccx, 

3. Cruciferx, 

4. Cupparidcx. 

IV. Tktkacycl.k. 

Parts of the flower always arranged strictly in whorls; the typical number of whorls 
is four, the calyx, corolla, androecium, and gynaeceum each consisting of a single whorl; 
whorls generally pentamerous, rarely tetramcrous (very rarely dimerous or octamerous); 
any one of the whorls may be entirely wanting, or individual members may be abortive; 
this occurs most often with the stamens and carpels. Increase in number of the stamens 
usually takes place by the interposition of one perfect or imperfect whorl between the 
members of the typical whorl or a little outside it, or by doubling of the members, or by 
branching of the original stamina! leaves; increase in number of the staminal whorls 
themselves is rare. All the whorls usually alternate, but the stamens are not unfrequcntly 
superposed on the petals. A tendency prevails in all the sections to a diminution of the 
number of carpels below that of the members of the perianth-whorls; very commonly 

1 u 
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there are only two, one anterior and one posterior. Ovary almost always single and 
polycarpellary, inferior or superior, unilocular or multilocular. 

I. Gamopetal® or Sympetal®. 

The petals united at the base into a tube or cup; corolla never wanting. 

A. Amsocarpee. The number of whorls or of members of the whorls is never 
larger than the typical number ; calyx or some of the stamens sometimes abortive ; 
carpels usually only two, one anterior and one posterior, or three and united into a 
single ovary *. 

a. Hypogyn®. 

Order 1. Tubiflor®. 

Families: 1. Con volvulaceac (including Cuscutex), 

2. Polemimiaccx, 

3. IlydrophyllaceaE, 

4. Boraginear, 

5. Solanacea*. 

/ 

Order 2. Ijabiatiflor®. 

Families: 1. Scrophulariaccx, 

2. Bignoniaccx, 

3. Acanthacea:, 

4. Gesncracea*, 

5. Orobanchca 1 , 

(>. Ramondiea*, 

7. Sclagineat*, 

H. Globulariaccar, 

9. Plantaginea*, 

10. Verbcnacea*, 

11. LabiaUr. 

Order 3. Diandr®. 

Families: i. Oleacea*, 

2. Jasininiacca*. 

Order 4. Contort®. 

Families: 1. Gcntianacea*, 

2. Logan iacea*, 

3. Strychnacea', 

4. Apocynaeea*, 

5. Aselepiadea*. 

b. Epigyn®. 

Order 5. Aggregat®. 

Families: 1. Rubiacex, 

2. Caprifoliacca:, 

3. Valeriatiacoa*, 

4. Dipsacacex. 

Order 0. Synandr®. 

Families: 1. Cucurbit at'etr, 

2. Campanulacex, 

3. Lobel iacea*, 


1 The order*, are arranged mainly after Braun and Ifanstcin. 
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4. Goodeniacea, 

5. Stylidiea, 

6 . Calycerea, 

7. Compositor. 

B. Ijocarptp. Carpels equal in number to the sepals and petals, usually five, 
rarely four, and coherent into a generally superior ovary (except Order r, Family 1, 
where there are only two median carpels) ; diminution of the number of stamens 
does not occur (except in Order 1, Family 1); in Orders 2 and 3, on the other 
hand, a perfect staminal whorl is usually interposed; in Order 1 the stamens are 
superposed on the petals, and a number of seeds spring from an elevated axial 
placenta in the unilocular ovary; in Orders 2 and 3 the ovary is multilocular and 
many-seeded. 

Order 1. Frimuline®. 

Families: 1. Lentibulariaeea, 

2. Plumbaginea*, 

3. Primulacea:, 

4. P,Iyrsinacea\ 

Order 2. Diospyrine®. 

Families: r. Sapotacea, 

2. Ebenaccir (including Styracacea*). 

Order 3. Bicornea. 

Families: 1. Epacridea', 

2. Pyrolacear, 

3. lYlonotropea, 

4. Rhodoracca*, 

5. Ericaceae, 

6. Vaccinica*. 


II. Eleutheropetal® or Dialypetal®. 

Petals free, sometimes wanting. 

C. Eucychf . Corolla very rarely wanting; stamens very commonly twice or 
three times as many as petals by the interposition of a perfect or even double 
(Orders 6, 7 ) whorl, or by the interposition of an imperfect whorl differing in number 
from the corolla (Order 5); in the isostemonous flowers the stamens are sometimes 
superposed on the petals (Order 4), or the original stamens branch (especially in 
Orders 2, 3, and 8); the number of carpels often the same as that ol the sepals 
and petals (Orders 7, 8), but commonly less -two, three, or four; ovary unilocular 
with parietal placenta* in Order 1, in the others multilocular; seed generally without 
endosperm. 

Order 1 . Parietales. 

Families: 1. Resedacea*, 

2. Violaeeie, 

3. Erankcniacea, 

4. Eoasacea*, 

5. Turncracea, 

6. Papayaccae, 

7. Passifioracea*, 

8. Bixacea*, 

y. Samydaeea', 

10. Cistinea. 


v u 2 
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growth to the carpels (B, Order 2, Family 2). In a few families which are placed here 
provisionally (B, Order 3, Families 4-6) the* ovary is truly inferior. 

A. Culycijlorce. Perianth simple, either scpaloid or pctaloid and usually tetra- 
merous; the tubular receptacle is generally of the same nature, and in Family 3 is 
even quadripartite, corresponding to the four perianth-leaves and to the four stamens 
superposed on them (see Fig. 370) ; stamens fewer than, as many as, or twice as 
many as the perianth-leaves ; ovary nionocarpellary, rarely bilocular, with one or a 
few seeds seed with little or no endosperm. 

Order 1. Thymelffline®. 

Families: 1. Thymehraceie, 

2. Fheagnacear, 

3. Protcaeea*. 

B. Corollijhrtr. Calyx, corolla, and andracium placed on a Hat (Order 1) or 
cup-shaped receptacle, or on one hollowed out into a deep urn-shape (Order 2 and 
in part 3), which is often (Order 2) thick and succulent (as in the Apple, Rose-hip, 
&c.) ; sepals distinct or coherent (Order 1); petals always distinct (corolla dialy- 
petalousj) ; the two perianth-whorls usually pentamerous, sometimes tetramerous; 
stamens as many as or twice as many as (Order 1) sepals and petals, or a much 
larger number (Order 2), in Order 3, Family 3, commonly branched; gymreeum 
composed of one (Order 1, and in part 2) or several or a large number of mono- 
(urpellary ovaries; or (in Order 3) ovary polycarpellary, and sometimes inferior 
(Families 46). 

Order 1. Leguminos®. 

Families: r. Mimosca*, 

2. Swartziea*, 

4. Papilionaceic. 

Order 2. Rosiflorro. 

Families: t. Calycanthacea*, 

r. Poinetc, 

3. Rosacea-, 

S mguisorbe.r. 

5. Oryadeir, 

6. Spira-ca*, 

7. \rnygdak\c, 

H. Chrysobalanca\ 

Order 3. Myrtiflor®. 

families: 1. Lythrarieir, 

2. Melastomaeea’, 

3. Myrtacca\ 

4. Cornbretacca\ 

5. fKnotherc jr, 

1 > . Ifaloragidea*. 

Families tf unknown or 'in y doubtful affinity. 

Balanophor.x. Hippurideir. Polygonacea*. Elatincac. 

Santalacex. Callitrichacea:. Begoniacea*. Casuarinea*. 

Loranthacex. Ccratophyllacea*. Mesembryanthcmcae 

Tctragoniea:. 

Empetraceac. ( ktctacerr. 

1 The position of these here is very doubtful 


Myricaccae. 

Juglandea*. 


Podostemonesc. 
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PHYSIOLOGY. 


CHAPTER I. 

MOLECULAR FORCES IN THE PLANT. 

Sect. i. — The Condition of Aggregation of organised structures 1 . 

Cell-walls, starch-grains, and protoplasmic structures consist, in their natural con- 
dition, at every point that can be seen even under the microscope, of a combination 
of solid material with water. If these organised structures are placed in a sub- 
stance capable of removing water, a part of their aqueous contents is withdrawn ; 
while, on the other hand, if they are in contact with aqueous solutions possessing 
certain chemical properties and of a proper temperature, they absorb more water. 
The volume alters with the change in the proportion of water ; loss of water causes 
diminution, absorption of water a corresponding augmentation of volume. Since 
the absorption of water occasions a considerable elevation of temperature (air-dry 
starch rises 2 ° or 3 0 C. when mixed with water of the same temperature), it must 
be supposed that the water becomes denser as it is absorbed 2 . Within certain limits 
these variations in the proportion of water may occur without occasioning any per- 
manent change in the intimate structure; but if, with a higher temperature and in 
the presence of chemical reagents, the proportion falls below a certain minimum 
or exceeds a certain maximum, permanent changes of the intimate structure take 
place which can no longer be reversed ; and the internal organisation of the body 
becomes partially or entirely destroyed. 


1 See Sachs, Handhuch der Experimental-Physiologic, p. 398 ft seq. — Nhgeli u. Sclnvendencr, 
Das Mikroscop, p. 423 et seq.; compaie also Kook I of this work, p. 28 et seq. — Cramer, Naturforsch. 
(iesclls. in Zurich, Nov. 8, i86q. 

J Jungle, in Pogg. Ann. 1865, vol. 125. p. 292 et seq. 



66 4 


MOLECULAR FORCES IN THE PLANT. 


These facts, in connection with a number of other phenomena, first led Napoli 
to the hypothesis that organised bodies consist of isolated particles or Micelhr 1 
between which the water penetrates, and which are solid and relatively unchange- 
able, and invisible even with the most powerful microscopes. Every micella of a 
saturated organised body is, on this hypothesis, surrounded by layers of water by 
which the adjacent micella? are completely separated from one another. These 
micelhr may be supposed to be of various sizes, and it is evident a priori that, if 
the thickness of the aqueous envelope is the same, larger micella? will form a 
denser, smaller micella* a less dense substance ; and it may therefore be concluded 
conversely that the layers and lamella? of organised bodies of different densities, 
especially those of the cell-wall and of starch-grains, are composed of micella? of 
different sizes ; and the difference in the proportion of water in such cases leads to 
the hypothesis that the densest substance consists of micella? which are several 
thousand times larger than those of the more watery substance. As the micellae 
increase in size, the density of the whole substance is moreover increased by the 
smaller distance that intervenes between them, so that larger micella? are separated 
from 011c another by thinner layers of water. The changes in volume of organised 
bodies due to the removal of water or its absorption depend, according to this view, 
on the fact that when swelling takes place the micella; are forced further apart by 
the water which penetrates between them ; while, on the other hand, when water is 
removed they approach one another in proportion as the water is withdrawn from 
their interstices. 

The forces which are concerned in these processes in the interior of an organ- 
ised body may be divided into three kinds : — (i) the Cohesion within each separate 
micella impermeable to water, which is itself an aggregate of molecules and atoms ; 
(2) the Attraction of the adjacent micella? for one another, in consequence of which 
they tend mutually to approach ; and (3) the Attraction of the surfaces of the micella 
for the absorbed water, which counteracts the mutual attraction of the neighbouring 
micella?. 

In starch-grains, cell-walls, and to a certain extent in crystalloids 2 , the absorbed 
water is not deposited uniformly in all directions ; the micella? are, on the contrary, 


1 , The term Mictlla was applied by Nagili to the aggicgalcs of molecules of which organised 
b'ldic-s consist in the second edition of his work on the Microscope '1877). Pfeifer, in his Osmotisehe 
Voter suchungen, published in the same year, applies the gencial term tagrna to all aggregates of 
molecules, and the term syn'agma to bodies which are built up of tagmata. In his Theorie der 
(hihrung ( 1 H y ij), Nagel i gi\es the following definitions of the trims which he suggests for describing 
the constitution of matter : — -A font, the ultimate paitiele of a chemical clement: Molecule , an aggregate 
of atoms, and hence the ultimate paitiele of a chemical compound: Picon , an aggregate of molecules, 
which, like the molecule, can he mither increased nor diminished without a change in its chemical 
nature; examples of this are afloidcd by compound salts c.g. alum), and by salts which contain 
w ater of crystallisation ( hydro/ Jeon ) : Micella, like the plcon, an aggregate of molecules, but differing 
fiom the j#leon in that it consists of a much larger number of molecules, and in that increase or 
decrease of si/e docs not affect its chcrnuM constitution; in this latter respect it behaves like a 
ci \ stal. The mi cel lx may combine to form a Micellar Aggregate ( Micellverband ), and this may be 
so large that it is readily visible; the crystalloids arc examples of large micellar aggregates. H will 
he noted that the Atom, Molecule, and Picon are chemical ideas, whereas the Micella and the 
Micellar Aggregate are purely physical.] 

2 [See Hook 1 . p. 4 <), on Crystalloids.] 
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forced further from one another in certain directions, as is clearly seen upon the 
change of form of the whole, from the formation of fissures, &c. One of the most 
remarkable effects of the tensions thus caused in the interior of the body is the fact 
that when swelling takes place particular dimensions may even decrease ; thus, for 
example, the layers of stratification of bast-fibres become very considerably shorter 
when they swell up under the influence of dilute sulphuric acid, the coils of the spiral 
striation becoming closer and larger in circumference. Crystalloids change their 
angles several degrees when they swell. These phenomena are explicable only on 
the supposit’on that the micellar forces in the interior of organised substances vary 
in intensity in different directions ; and this again is conceivable only on the hypo- 
thesis that the form of the micella? is not spherical. Nageli and Schwendener 
obtained a deeper insight into these laws by a very careful observation of the phe- 
nomena produced by polarised light in cell-walls, starch-grains, and crystalloids'. 
They inferred from these facts a crystalline structure of the individual micellae, and 
that the crystals are doubly refractive and have two optical axes which arc so 
arranged, at least in the greater number, that one axis of elasticity within each 
micella of starch-grains and cell-walls is placed radially, but the two other axes 
of elasticity tangentially. In crystalloids the micellae .arc probably arranged as in 
true crystals, but separated also by layers of water parallel to the faces or lines of 
cleavage. 

The behaviour of chlorophyll-granules and of colourless protoplasm towards 
polarised light, as well as under the addition and removal of water, is at present but 
little known ; and a more definite idea of the form of their micellae is therefore not 
yet possible. 

The solid micella? of one and the same organised body which are separated 
by aqueous envelopes always vary in their chemical nature ; so that at every visible 
point micellae which possess chemically different properties lie by the side of and 
among one another separated by layers of water. In starch-grains, cell-walls, and 
crystalloids this fact is inferred from the circumstance that certain substances are 
extracted by the application of certain solvents, while other substances remain behind, 
constituting what is called the skeleton. This skeleton is of course less dense than 
the original substance ; and it is evident that the extraction has taken place at all 
visible points, without the external form or internal structure having undergone any 
essential change. Thus, for example, a skeleton of cellulose remains behind when 
the lignin has been extracted from wood-fibres by maceration in nitric acid and 
potassic chlorate ; and again, a skeleton of silica remains behind with all the optical 
properties of the cell-wall when the organic substance has been burnt away. In the 
same manner a grain of starch leaves behind a skeleton containing very little solid 
material when the granulosc has been extracted by saliva or some other reagent. 
From crystalloids also a skeleton in this sense of the term containing very little solid 
matter can be obtained by the solution of a part of their substance. The properties 
of these skeletons show that the micellae which remain behind after solution of the 
rest still occupy essentially the same position and are endowed with the same forces 

1 Ilofmeister (llamlbuch <ler phys. Hot. *’ol. 1 . p. ) lias arrive*! at altogether different 
conclusions, with which 1 cannot agree. 
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as before ; it is therefore probable that the extracted substance lay previously 
between these micellae without being contained in them. This view is also more or 
less probable in the case of chlorophyll-granules and protoplasm ; in the former the 
fundamental protoplasmic substance remains behind as a very solid skeleton when 
the green colouring matter is extracted by ether, alcohol, oil, &c. Very different 
substances are certainly combined in the protoplasm ; and when a naked primordial 
cell secretes a cell-wall, it may be assumed that the micellae which form the cell-wall 
were previously distributed between those of the protoplasm, and only change their 
position and their chemical nature when they are secreted in the formation of the 
cell-wall 1 ; the protoplasm which remains behind retaining essentially its original 
properties. The same is the case when grains of starch or chlorophyll-granules 
are formed in the protoplasm. A fundamental substance is clearly present in the 
protoplasm which always retains the essential properties of protoplasm : but various 
other substances penetrate between its micella? which arc afterwards excreted. This 
is especially observable in the formation of zygospores and swarmspores. 

Hie nutrition and growth of organised structures takes place, as has already 
been shown in Hook I, by intussusception ; the nutrient solution penetrates between 
the micella' already in existence, and either occasions by apposition an enlarge- 
ment of the individual micella*, or new micella* of small size arc produced in the 
spaces filled with water, which then increase by the apposition of new matter, or the 
increase takes place in both ways at different points. The increase in surface of the 
cell-wall, starch-grain, Sec. is therefore brought about by the micella being forced 
apart from within. Connected with the growth of the micellae already in existence 
and with the formation of new ones is a continual disturbance of the osmotic equi- 
librium between the surrounding fluid (the < ell-sap in the widest sense of the term, 
see p. 62) and that within the body, which has the effect of constantly drawing fresh 
particles from the surrounding fluid to the interior of the body which is undergoing 
augmentation. 

Chemical processes in the interior of the growing body are also always con- 
nected with these processes of growth. The nutrient fluid which penetrates from 
without contains in fact the material for the formation of micella? of a definite 
chemical nature; but this material is chemically different from the micella? which 
it produces. Thus starch-grains are nourished by a fluid which clearly does not 
contain any starch in solution ; and again the cell-wall grows by the absorption of 
substances out of the protoplasm which are not dissolved cellulose. The colouring 
matter of the chlorophyll arises in the interior of the chlorophyll -granule ; and the 
substances by which the protoplasm is nourished by intussusception are clearly 
only produced in the interior of the protoplasm, as is shown in particular by naked 
plasmodia and by unicellular Alga? and Fungi. Growth by intussusception is 
therefore connected not only with a continual disturbance of the molecular equi- 
librium, but also with chemical processes in the interior of the growing structure. 
Chemical compounds of the most various kinds meet between the micellae of an 

1 [According to Schmitz fSif/htr cl. Niedrrrhein. Ges. f. Natur. uml IleilKuwle, Bonn, i88o\ 
the cell-wall is formed, at least in the case* whnh Ik nhseived, by the actual conversion of a 
periphetal lajel of piutoplasm into cellulose. J 
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organised body, so that they act upon and decompose one another. It is certain 
that all growth continues only so long as the growing parts of the cell arc exposed 
to atmospheric air; the oxygen of 'the air has an oxidising effect on the chemical 
compounds contained in the organised structure ; with every act of growth carbon 
dioxide is produced and evolved. The equilibrium of the chemical forces is also 
continually disturbed by the necessary production of heat ; and this may also be 
accompanied by electrical action. The movements of the atoms and molecules 
within a growing organised body represent a definite amount of work, and the equi- 
valent forces arc set free by chemical changes. The essence of organisation and 
of life lies in this : — that organised structures arc capable of a constant internal 
change ; and that, as long as they are in contact with water and with oxygenated 
air, only a portion of their forces remains in equilibrium even in their interior, and 
determines the form or framework of the whole ; while new forces are constantly 
being set free by chemical changes between and in the molecules, which forces in 
their turn occasion further changes. This depends essentially on the peculiarity of 
micellar structure, which permits dissolved and gaseous (absorbed) substances to 
penetrate from without into every point of the interior, and to be again conveyed 
outwards. 

This internal instability attains its highest degree in chlorophyll-granules and pro- 
toplasm. In the former chemical processes take place with great energy and activity 
under the influence of light, such as the formation of the green colouring matter and 
of starch ; and when deprived of light other chemical changes at once ensue, which 
terminate only with the complete destruction of the entire chlorophyll-granule. The 
remarkable properties of protoplasm, which we have already examined from different 
sides in discussing the structure of the cell, attain their climax in its spontaneous 
automatic power of motion, and in its capacity of assuming different forms and 
changing both its shape and its internal state, and therefore of bringing into action 
internal forces, even when corresponding impulses from without cannot be observed. 
It is impossible to enter here in detail into the explanation of these remarkable facts; 
but they will be understood, at least generally and to a certain extent, if it is borne 
in mind that neither the chemical nor the molecular forces are ever in equilibrium in 
the protoplasm ; that the most various elementary substances are present in it in the 
most various combinations ; that fresh impulses to the disturbance of the internal 
equilibrium are constantly being given by the chemical action of the oxygen of the 
air ; and that energy is continually being set free at the expense of the substance of 
the protoplasm itself, which must lead to the most complex actions in a substance of 
so complicated a structure. Every impulse from without, even when imperceptible, 
must call forth a complicated play of internal movements, of which we are able to 
perceive only the ultimate effect in an external change of form. 

The destruction of the micellar structure of organised bodies may take place in 
many different ways, and affords an insight into many physiological processes. 

The most important lorecs by which the micellar condition of organic substances 
is permanently altered are changes in temperature, chemical reagents, and substances 
which have a powerful attraction for water. But these agencies do not in general 
cause destruction until they have exceeded a definite degree of intensity ; while dif- 
ferent changes of temperature and different states of concentration of the reagents 
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not unfrequenlly give rise to phenomena differing not only in degree but even in kind. 
The effect of most external influences depends moreover to a great extent on the 
chemical nature of the substance which forms the' material and micellar framework of 
an organised body. Cell-walls 1 and starch-grains for instance differ from crystalloids, 
chlorophyll-granules, and protoplasm, since the former consist mainly of carbo-hydrates 
insoluble in water, the latter chiefly of albuminoids. 

The following are some of the more obvious phenomena selected from the great 
mass of existing observations, which are, however, still incomplete. 

(a) Temperature does not usually cause any striking 
or permanent change or destruction of organisation till 
it exceeds 50 , or sometimes even 6o° C., even when 
the substance affected is completely saturated with 
water. Air-dry organised bodies can generally bear 
much higher temperatures without injury. Thus, for 
example, the denser portions of a starch-grain which 
is saturated with water arc not converted into paste 
below 65° (L, while the more watery portions undergo 
this change at 5 5 0 C. (Nageli), the capacity for absorb- 
ing water and in consequence the volume then in- 
creasing enormously, l’aycn gives the increase in 
volume of starch in water at 60 'C. as 14 2 p. c., at 70° 
to 72" C. as 125s P* e., the starch originally containing, 
according to Nageli, only from 40 to 70 p. c. water. 
Air-dry starch must be heated to nearly 200' C. before 
its power of absorbing water materially increases; but 
it is then changed chemically and converted into dex- 
tnnc. The corresponding action of temperature on 
cellulose is not yet accurately known, but it is certainly 
different from that on starch. Like albuminoids, proto- 
plasmic structures consisting for the most part of these 
substances are, when saturated, coagulated by a tem- 
perature of from 50“ to 60' C., while when air-dry they 
can stand much higher temperatures without their 
micellar structure being destroyed 2 . The remarkable 
difference in the action of temperature on saturated 
starch on the one hand and on saturated protoplasm 
on the other hand must not be overlooked. In the 
former case the power of absorbing water is enor- 
mously increased; its structure becomes looser and 
more easily susceptible to chemical action ; while the 
coagulation of protoplasm diminishes its power of ab- 
sorbing water and the mobility of its micellar, and 
increases its pow er of resisting chemical action. This 
difference is also manifest when the change of micellar 
structure is caused by acids; and in this respect normal 
cellulose behaves in a similar manner to starch. 

( b ) Acids (especially sulphuric acid) when greatly diluted cause starch-grains and 
cellulose at the ordinary temperature to swell up much more violently than pure water, 
without however destro)ing their organisation ; and the previous condition returns when 
the acid is washed out. If, on the other hand, the acids are more highly concentrated, 

1 The cell-wall I suppose here and in the bcrjucl to be neither cuticularisccl, lignified, nor 
converted into mucilage. 

2 Sec Sachs, Ilandbuch tier Experimental Physiologic, pp. et seq. 
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a violent swelling takes place in cellulose and starch -grains, and they pass into a pasty 
state. Protoplasmic substances, on the contrary, coagulate, as they do under the in- 
fluence of higher temperatures. Concentrated sulphuric acid finally completely destroys 
the micellar structure of both with a smaller or larger amount of chemical change, and 
they deliquesce. 

( c ) Solution qf Potash acts on starch-grains like sulphuric acid, especially in causing 
them to swell up. Its action on protoplasmic substances is on the other hand very 
different from that of acids ; if the solution is dilute they swell up strongly or deliquesce, 
and this is especially the case with protoplasm and the nucleus of very young cells (the 
nuclei of older cells often resist the action strongly). But in a highly concentrated 
solution of potash protoplasmic structures often retain their form and apparently their 
structure ; they neither coagulate nor deliquesce. The fundamental destruction of their 
micellar structure which has nevertheless taken place is evident from the fact that they 
immediately deliquesce if water is added copiously. 

{d) Mechanical Influences . Organised structures bear without injury mechanical forces 
such as pressure, impact, or slight traction ; they are either sufficiently clastic, like starch- 
grains and cell-walls, again to bring into equilibrium the changes which arc thus caused 
in their internal tension and external form ; or they are inelastic like protoplasm and 
chlorophyll-granules, and can then equalise small passive changes of form in another way. 
But stronger forces cause disruptions of the micella’ which cannot be again effaced. 
The micellar structure of the separated portions may however still be perfectly retained, 
as is shown by fragments of starch-grains and cell-walls. This is still more evident 
in motile pn toplasni, where the separated portions of the previously continuous sub- 
stance behave like so many individuals, and have the power of independent motion ; 
as, for example, separated portions of plasmodia, the detached halves of the rotating 
protoplasm in the root -hairs of Flydmc harts when contracted by a solution of sugar, Sic. 
In the same manner two or more separated portions of protoplasm may unite into a 
whole, as in the formation of large plasmodia and of zygospores, the fertilisation of 
oogonia, &c. The only purely mechanical mode in which complete destruction of an 
organic structure can be accomplished is by crushing; e. by complete disseverance 
of its micella* and their subsequent promiscuous intermixture. In this case a chemical 
change usually directly follows the mechanical destruction of the micellar structure of 
the protoplasmic substance. In some cell-walls the mere interruption of continuity by 
a cut causes striking changes in the adjoining and the more distant parts; thus, accord- 
ing to Nageli, cell-walls of Scbizomeris that have been cut through become shorter and 
thicker to a remarkable extent. 

(e) Changes in the micellar structure of organised structures caused by injurious 
influences determining their death are often accompanied by striking changes in their 
relations to diffusion. With respect to starch and cellulose but little is known in this 
respect ; but the phenomena connected with protoplasm, including the nucleus, are very 
remarkable *. Normal living protoplasm does not, for example, absorb any colouring 
material from the surrounding solution ; but as soon as it has been killed by heat or by 
a chemical reagent, the dissolved colouring material not merely penetrates into it, but 
accumulates in it to such an extent that the dead protoplasm appears of a much deeper 
colour than the surrounding solution of the colouring substance. Starch and cellulose, 
on the contrary, even in a fresh unchanged condition, absorb from a solution of iodine 
a comparatively much larger quantity of iodine than of the solvent, and become of a 
much deeper colour than the surrounding solution ; the colour is also different, usually 
blue, while the surrounding solution is yellowish brown. The protoplasm which fills the 
cells and has been killed in any manner, by frost, heat, or chemical agents, is more 


1 Nageli, Pflan/cuphysiologische Untersuclumgeu, vol T. p. et &eq . — Hugo de Vries, Sur la 
permeahilite du protoplasm ties betteraves, Arch. Necrlaml. vol. VI, 1S71 : [also id., Unters. neb. 
die Mcchauischen Ursachen tier Zel 1 st rcckung, 18^7. — J’fcffei, OMiiotischc Untcrsuchungcn.] 



6;o 


MOLECULAR FORCES IN THE PLANT. 


permeable (whether cellulose is so also is not known); it allows the cell-sap, which in 
living and growing cells is always subject to high pressure, to filter out as if it had 
become porous. This is well seen when coloured cells or tissue are frozen or heated 
above 50" C. ; they then allow their coloured contents to diffuse out, which they do 
not do when living. 

(/) The true nature of the change which the micellar structure of moist organ- 
ised bodies undergoes by heating above 50* or 6o° C., or when they are made to swell 
up strongly by treatment with acids or alkalies, is considered by Nagcli to lie in the 
destruction of the crystalline micella*. In the case of starch-grains and cell-walls this 
view is supported by a few facts which have hitherto not been explained in any other 
manner. The increase of the power of absorbing water under such conditions is then 
explained on the hypothesis that the number of particles which attract water is increased 
and their size diminished by the destruction of the micellae; and this must necessarily 
be connected with an increase in the proportion of water and a corresponding increase 
in volume. It is especially noteworthy that the denser layers of starch-grains and cell- 
walls become under these circumstances homogeneous with the least dense and most 
watery layers, but since the denser layers probably consist of large, the less dense 
layers of small micella*, the explanation may lie in the fact that the large micella* 
of the douse substance are broken up into a number of small micella*, and thus 
become similar to those of the less dense substance. The same explanation may be 
given of the fact that when the organised structure is changed by undergoing strong 
swelling, the optical properties of starch and cellulose also undergo change; their pre- 
vious action on polarised light disappearing altogether. This is also explained if we 
suppose that under the action of these agents the micella* which produce the optical 
(‘fleet lose their form, and that their fragments are irregularly intermixed. 

How far these views can be applied also to protoplasmic structures and their coagu- 
lation remains at present uncertain. 

(£) The disorganisation of the micellar structure of organised bodies may take place 
gradually; and when it has exceeded a certain limit, a new substance is produced lrom 
the originally organised material, the molecular condition of which has, since the time 
of Graham, been termed colloidal. From the similarity which, according to Nagcli and 
Schwendener, exists between organised and crystalline bodies, it is not surprising that 
there are also mineral substances which, like silica, arc usually crystalline, but become 
under certain circumstances colloidal *. Organised bodies absorb water and other fluids, 
increasing at the same time in volume up to a certain maximum at which they are 
saturated; crystalline bodies dissolve in a definite minimum of water and produce a 
saturated solution which can be diluted ad libitum . Colloidal bodies show in this respect 
intermediate properties; they can be mixed with water in all proportions without any 
minimum or maximum. Solvents cause in organised and crystalline bodies a sudden 
passage from the solid to the fluid condition. Colloidal bodies pass from the solid to 
the fluid condition, when they are soluble, through all stages of softening; in a certain 
state when they contain but little water they are hard, then tenacious, then viscous and 
scarcely fluid, finally when mixed with abundance of water perfectly fluid. Even in 
the fluid state they may be mucilaginous, adhering strongly to organised, less strongly to 
crystalline substances; and even when greatly diluted they diffuse very slowly, and some 
of them appear unable to penetrate organic membranes such as cell-walls. On drying 
they afford a homogeneous substance which differs greatly in its capacity for swelling and 
in its optical properties from crystals and from organised bodies. In contradistinction to 
these latter, colloidal bodies may be considered amorphous internally as well as externally. 
Colloidal bodies occur abundantly in plants as products of the decomposition of organised 
boilies, and under certain circumstances they supply material for the production of new 
organised bodies. Thus gum-bassoi in and pefhaps also gum-arabic, as well as the 

1 Sec* among othei asthoiitics. Giuliani, Phil. Tunis. 1X62: Jnurn Chcm. Sue. 1862. 



CONDITION OF AGGREGATION OF ORGANISED STRUCTURES . 671 

mucilage of quince ^nd linseed, result from the decomposition of cell-* alls; perhaps also 
the formation of the substance of the cuticle must be included in this category. Viscin 
is the product of decomposed cellulose ; the origin of colloidal pectin and caoutchouc is 
still unknown ; but none of these substances are of any further use to the plant. 

(/j) Traube s Artificial Cells \ Among the most important of the phenomena belonging 
to the growth of the plant are those connected with the cell- wall ; and everything 
which contributes to a more exact knowledge of its development must always be 
welcome. The researches of Traube, of which an abstract is here given, are of great 
interest from this point of view ; even though it may not always be possible to transfer 
all the properties of his artificial cells to the real plant. 

Starting from Graham’s observation that dissolved colloids cannot diffuse through 
colloidal membranes, and from the empirical fact that precipitates of colloidal substances 
are usually themselves colloidal, Traube found that a drop of a colloid A placed in a 
solution of a colloid B must become surrounded by a pellicle. If A is also more con- 
centrated (or rather if its attraction for water is greater) the cell must become turgid, 
i.e. the precipitated pellicle must become stretched by the additional water that is 
absorbed; and the micella* of the pellicle thus become separated to such an extent 
that a fresh precipitate takes place between them which occasions increase in the 
superficies of the pellicle. For a more exact study Traube chiefly employed cells the 
pellicle of which consisted of a precipitate of gelatine tannate. For this purpose the 
tendency of the gelatine to coagulate was destroyed by boiling for thirty-six hours. 
A large drop of this so-called gelatine of the consistency of syrup was taken up by a 
glass rod, allowed to dry for some hours in the air, and then plunged into a flask half 
filled with a solution of tannic acid, into the cork of which the rod was fixed. The 
portion of gelatine which undergoes solution on the outside of the drop immediately 
forms a completely closed pellicle with the surrounding solution of tannin ; and the 
water which penetrates through it constantly dissolves the gelatine within. In a dilute 
solution of tannin of o'8 to r8 p.c, a tense pellicle which is not iridescent and is there- 
fore thick is formed; in a concentrated solution of from 5*5 to 6 p.c. (in which therefore 
there is a smaller difference between the concentration of the two fluids) a thin flaccid 
iridescent pellicle is formed Traube found that the cells which are at first thick-walled 
go through various stages of development; they remain spherical so long as the nucleus 
of gelatine is not completely dissolved ; a turbidity then sets in from above downwards 
owing to the solution of a part of the pellicle in the solution of gelatine which is more 
dilute in its upper part ; the pellicle at the same time begins to collapse and to become 
iridescent; and finally the contents become clear and tension is again set up. After 
the lapse of some weeks the cell still allows gelatine to escape when torn. The greater 
the difference in the concentration of the two fluids, the firmer and more tense is the 
pellicle; i.e. the greater the intensity of the cndosmotic attraction the greater is the 
number of layers of atoms which coagulate so as to produce the pellicle, and therefore 
the thicker it is. 

With reference to the properties of the pellicle, Traube shows that all pellicles 
hitherto employed in experiments on diff usion have perforations*, while the precipitated 


1 Traube, Expcrimente zur Thcoiic del Zellbildung u. Endosmose, in Arch, fur Anal.. Phys., 
u. wissensch. Medicin, \on Keicheil u. Du Hois, 1867. p. 87 et seq.: [also Pfeifer, Osmot. Enters.] 
v Only pellicles of gelatine behave in this way; all others are iiiclescent when tense. 

* It is easy to convince oneself of the presence of actual perforations in pig-bladder, ox-bladder, 
the pericaidium, amnion, collodion -membrane, or parchment, with which experiments on diffusion 
have hitherto usually been made, by stretching them over a wide glass tube, pouring in a column of 
water from 20 to 40 cm. high, and repeatedly drying the fiee surface of the membrane with filtering 
paper. Water is then almost always seen to ooze out at particular spots ; a piece of membrane 
2 or 3 cm. square is seldom water-tight. The perforations arc still more evident if the tube is filled 
with a concentrated solution of common salt and the membrane dipped in vvatei. Instead of a 
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pellicles have only micellar interstices; and indeed these latter are, according to 
him, smaller than the molecules of the precipitate of which the pellicle is composed. 
But in spite of the greater density, the endosmose is quicker than with all other 
membranes, because they are thinner. The pellicle becomes firmer (stiller?) when lead 
acetate or copper sulphate is added to the /3 gelatine. As soon as the micellae of the 
stretched pellicle have become so far separated by the pressure of the cell-contents 
which have increased in quantity by the action of endosmose that their interstices allow 
the passage of the two substances from which the pellicle is formed, these substances 
must obviously again at once mutually react upon one another at those points, and must 
cause the production of new micella! of pellicle, which arc deposited between those 
already in existence. Growth therefore takes place by intussusception, and is caused by 
the stretching of the pellicle, which stretching is on its part occasioned by endosmose. 
That the growth takes place not only by stretching but also by deposition Traubc 
proved by replacing the tannic acid by water. As soon as this was done ( i.e . as soon 
as the formation of new molecules of the precipitate in the pellicle was prevented, the 
endosmose still continuing) the growth ceased. 

As long as the concentration of the contents of the artificial cell is everywhere the 
same, the pellicle remains everywhere equally thick, and the cell retains its spherical 
lorm. Bpt when the contents become diluted, a denser solution is formed in the lower 
part of the cell, a more watery solution in the upper part. The pellicle becomes 
in consequence thinner above, because the difference of concentration is smaller there, 
and therefore more extensible ; hence the pellicle becomes more strongly stretched above 
and increases more rapidly in superficies, and protuberances directed outwards are not 
infrequently formed. This may be expressed shortly by saying that endosmose takes 
place principally in the lower part of the cell, growth m the upper part. The difference 
however in the concentration in the interior of the cell which causes this is the con- 
sequence of the water which penetrates by endosmose not mixing at once uniformly 
with all parts of the interior solution, so that layers of different specific gravity lie 
one over another. 

Further experiments showed that growing pellicle-precipitates having the fmm of 
cell-walls are produced also by mixing colloids with crystalloids 1 ; e.y;. tannic acid with 
copper and lead acetates, gelatinous silica with the same substances or with copper 
chloride, or finally crystalloids with one another, as potassium lerro-cyanide with copper 
acetate or chloride. Traube came to the conclusion that every precipitate the inter- 
stices of which are smaller than the molecules of its components must assume the form of 
a pellicle when the solutions of its components come into contact with one another. 
Since the pellicle-precipitates, as has already been mentioned, contain micellar interstices 
but no perforations, they are peculiarly well adapted for the study of endosrnotic pro- 
cesses. They behave in this respect very differently from other membranes, being 
themselves often perfectly impermeable to the most diffusible substances, but allowing 
other chemical compounds to pass through them; and every kind of pellicle has in this 
respect its own peculiarities. Independently of the fact that every pellicle-precipitate 
is impermeable to the fluids from which it is itself produced, the (J gelatine tannate is, 
moreover, impermeable for example also to potassium lerro-cyanide, but permeable to 
ammonium chloride, barium nitrate, or water. The pellicle of copper fcrro-cyanide 
which is formed round a drop of copper chloride in potassium ferro-cyanidc is imper- 
meable to barium chloride, calcium chloride, potassium sulphate, ammonium sulphate, 


diffusion-current equal over the whole surface of the membrane, separate threads of the solution of 
salt aie seen to sink down into the water, 'these experiments slu>w r how little dependence is to 
be placed on the researches hitherto made on diffusion with membranes. 

1 [ 1 h e term ‘crystalloid is here u*ed in the sense in which it was first employed by Graham, 
to indicate those substances as opposed to ‘colloids’ — -which may be susceptible of crystallisation, 
and which art endowed with the power of diffusion through a porous septum.] 
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or barium nitrate, but permeable to potassium chloride or water. Traube considers 
that in the permeability of the pellicle-precipitates we have a means of determining the 
relative size of the molecules of different solufions, since only those molecules can pass 
through the pellicle which are smaller than its micellar interstices and therefore smaller 
than the molecules of the solutions which produce it. 

If a small quantity of ammonium sulphate is added to a solution of (3 gelatine, and a 
small quantity of barium chloride to one of tannic acid, and the two mixtures thus 
obtained are themselves mixed, a pellicle is formed of gelatine tannate, and in it a 
precipitate of barium sulphate which diminishes the size of the interstices; the two 
solutions which cause the deposit can no longer diffuse; but the incrusted pellicle is still 
permeable to the smaller molecules of ammonium chloride and water. 

Traube maintains that there is no such thing as an endosmotic equivalent in the 
sens:, of the older theory. Endosmose is independent of any interchange, since it 
results entirely from the attraction of the soluble substance for the solvent; and this 
attraction is invariable at any given temperature and may be termed Endosmotic Force. 
The endosmotic force of grape-sugar, for instance, is very great, that of gelatinous 
substances very small. 

To these researches, which arc of extreme importance in reference to vegetable 
physiology, and of which we shall make much use in the sequel, though with a cautious 
selection, Traube has added observations on the growth of the pellicle-precipitates of 
copper fcrro-cyanide, the main results of which however I have been unable to confirm 
after a number of experiments. 

If a drop of a very concentrated solution of copper chloride is dropped into a 
dilute solution of potassium l'crrocyanide, it immediately becomes coated with a thin 
brownish pellicle of copper l'crrocyanide which exhibits peculiar phenomena. It is 
more convenient to place small pieces of copper chloride in the l'crrocyanide solution, 
where a green drop is immediately formed at the expense of the water of the solu- 
tion, producing the pellicle on its surface, and still enclosing the solid copper chloride 
which dissolves gradually from the permeation of the water. These cells manifest active 
growth and a variety of differences not easy to explain and dependent on secondary 
circumstances. Some have very thin pellicles, are roundish, and exhibit a slight tendency 
to grow upwards; they usually form a number of small wart-like outgrowths and attain 
very considerable dimensions (from 1 to 2 cm. in diameter) ; they appear to be formed 
chiefly by the solution of large pieces of the copper chloride. Others have thick reddish 
brown pellicles, grow quickly upwards in the form of irregular cylinders, rarely branch, 
and attain a diameter of from 2 to 4 nun. and often a height of several centimetres. 
Combinations of the two forms also occur which sometimes form a kind of horizontal 
tuberous rhizome-like structure from which long stalk-like outgrowths arise upwards, 
and root-like protuberances downwards. 

It is impossible, in the space at our disposal here, to give a detailed description 
of these phenomena; one only may be specially mentioned: — that these pellicles of 
copper l'crrocyanide do not grow, as Traube supposes, by intussusception, but in quite 
a different way (by eruption). When a brown pellicle has been formed round the green 
drops, water penetrates quickly from without through it to the copper chloride ; 
the pellicle becomes rapidly stretched, and, as may be clearly seen, at length ruptured. 
The green solution immediately escapes through the fissure, but becomes at once coated 
with a pellicular precipitate which appears either as an intercalated piece of the previous 
one, or as an excrescence or branch of it, a process which is repeated as long as any 
copper chloride remains inside the cell. We cannot therefore in this case conclude 
that deposition of fresh micella* of the pellicle takes place between those already in 
existence. These cells cannot, so to speak, be injured; if they arc pricked, then at 
the moment when the point which pricks them is withdrawn an outgrowth follows 
immediately, which is easily to be explained from what has been said. In conse- 
quence of the rapid flowing in of water through the perforation, the dissolved or the 

x x 
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still solid copper chloride has no time to form a homogeneous solution ; a stratifica- 
tion arises which begins in the lower part of the cell with a very concentrated 
solution, and passes in the upper part into almost pure water when the cell has already 
grown to some height. Since the dilute upper fluid is lighter than the surrounding 
solution, it exerts an upward pressure upon the membrane — just as a cork held down 
under water attempts to rise— till it is ruptured below or at the apex (in the second 
form of cell). But the lighter fluid, when on the point of ascending, becomes at once 
surrounded by a pellicle which remains attached to the walls of the fissure of the old 
one; and thus apical growth takes place in cells of «this description in the form of 
eruptions, just like the formation of branches and excrescences in the round ones. If 
the fluid in the upper part of the cell is pure water, large pieces of the pellicle break of' 
and rise up into the surrounding solution like air-balloons open below. If the copper 
chloride is entirely consumed in the formation of the pellicle, the opening caused by 
the tearing oil* of the upper cap does not close, or the whole cell ascends like an air- 
balloon. If rapidly growing cells of the second form are placed in a horizontal posi- 
tion, an outgrowth takes place at the extreme apex as the least solid point, which is 
directed vertically upwards, and then grows in this direction like the former apex of the 
cell. T his process, even though it calls to mind distantly the bending upwards of grow- 
ing stems which are placed horizontally (geotropism), bears in fact not the least actual 
resemblance to this phenomenon, as will be shown in Chap. IV; and this is at once 
evident if it is remembered that in these cells there is no such thing as growth by 
intussusception. 

Sect. 2. Movement of Water in Plants 1 . The growth of the cells of plants 
is always connected with the absorption of water, not only as regards the in- 
crease of size of the vacuole, but the growth of the cell-wall and of other organ- 
ised structures is also accompanied by the intercalation of particles of water be- 
tween the solid micellae Water must therefore be conducted to the growing cells 
and tissues ; and when the organs which absorb the water lie at a distance from 
those which require it for their growth, the movement which results is necessarily 
considerable. Water is in the same manner required by the organs of assimilation, 
since it furnishes the hydrogen required for organic compounds. The reservoirs 
of food-material in which the assimilated compounds are for a time accumulated 
also require water for the purpose of again dissolving these substances, in order that 
they may be carried as formative materials to the leaves and the growing apices of 
roots and stems. All these movements of water, which arc necessarily connected 
with nutrition and growth, proceed slowly like growth itself ; their direction is in 
general determined by the relative positions of the organs which absorb the water 
from without and of those which make use of it. 

In plants which grow under water or beneath the ground where no loss of 
water takes place or only to a very considerable extent, there is no need for 
these processes. The case is nearly the same also with some land-plants which 
are almost completely protected by a peculiar organisation from loss of water by 
evaporation (transpiration) when it has once been absorbed, as the Cactus-like 
Euphorbias, Stapelias, &c., which are by this means enabled to live in the most 
arid localities. But the great majority of plants have foliage with a very large 


1 See Sachs, Ilandbuch tier Experimental-Physiologic, the section on the movement of water, 
p. 196, where the literature up to 1865 is mentioned; the most important of the more recent 
publications are quoted in the sequel. 
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superficial development; when the leaves are also delicate, as in most plants with 
a rapid growth, a very considerable portion of the water of their cell-sap is 
removed by transpiration within a short time, so that in the course of a single 
period of vegetation the quantity of water which has been withdrawn by tran- 
spiration may exceed many times the weight and volume of the plant itself. It is 
easy to understand that this is possible only when the loss is compensated by the 
absorption of corresponding quantities of water through the roots, and that the 
water withdrawn from the leaves is’ replaced in this way. As long as the tissue 
of plants in which transpiration takes place remains turgid, the supply must nearly 
equal the loss ; so long therefore as transpiration proceeds continuously from the 
leaves or other surfaces, a constant current of water exists from the roots to the 
leaves. When transpiration ceases, as in very moist air, or when the leaves are 
wetted by dew or rain or after the falling of the leaves, the current of water also 
ceases as soon as the tissues which have become somewhat flaccid are again tur- 
gesccnt. Since transpiration is accelerated by a high temperature of the air, by its 
dryness, and above all by sunshine, and as these conditions are constantly changing, 
the rapidity of the current of water is also subject to continual change. 

The current of water occasioned by transpiration has, as will be seen, no 
immediate connection with the processes of growth and nutrition ; the Horse- 
Chestnut and other trees and shrubs which put out in spring only a definite number 
of leaves, and during the summer do not any further increase their foliage, transpire 
the most rapidly during this time; and at this time also the current of wafer is 
most considerable in them. In winter both growth and transpiration, and with the 
latter the amount of water also in the tissues, remain stationary ; when the buds arc 
put out, the water is first of all only set in motion lo the extent required by the 
increase of the growing organs; but as the development of the organs increases their 
surface, the amount of evaporation again rises, and the current begins afresh. 

While the movement of water required for purposes of growth and nutrition 
must take place in the most different forms of tissue' - in the parenchyma and even in 
the primary meristem of buds and of the apices of roots — it is nevertheless certain 
that the current of water caused by transpiration passes exclusively through the woody 
portion of the fibro-vascular bundles; all the rest of the tissue may be destroyed 
at any place without the current of water ceasing, if only the wood remains entire. 
In Conifers and Dicotyledons which have a compact wood, one main current passes 
through the root and stem, dividing in the branches and leaves into constantly 
narrower channels ; while in Ferns and Monocotyledons the current of water 
passes, even in the primary stem, through isolated narrower channels corresponding 
to the course of the isolated woody bundles. That the lignified elements of the 
xylem of the fibro-vascular bundles determine the channel of the current, is seen 
not only from direct observation, but also from the fact that the formation of 
wood is the more considerable, the greater the evaporation and the stronger 
the current of water in a plant. In submerged and underground parts of 
plants from which no transpiration takes place the xylem remains entirely or 
nearly unlignified; in Dicotyledons and Conifers, where the transpiring surface 
increases with age, the channel taken by the current is also annually widened by 
the increase of the wood. The crown of leaves of Palm-trees remains after a 
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certain time of nearly the same size, and the stem and the channels of the 
current (woody bundles) which traverse it consequently retain their diameter 
unchanged. 

The movements of water caused by growth as well as those induced by 
evaporation have this in common, that their direction is towards the places uhere 
they are required. If growth or transpiration begins at a certain time at a 
definite spot, the nearest portions of the tissue give up their water first of all, 
then the more distant ones, the organs at the greatest distance, generally the 
roots, absorbing water from without. The movement therefore propagates itself 

continually further and further from the point to which 
it tends, and finally over the whole plant to the root. 
The kind of motion may therefore — without consider- 
ing for the moment its actual causes — be described 
as a process of suction. This is especially evident 
in leafy stems and branches which, having been cut 
o(T and placed with their cut surface in water, suck 
up as much water through their woody bundles as 
is required for transpiration and for the unfolding of 
fresh leaves, unassisted in this case by any pressure 
from below. 

Another kind of motion of water in the plant, 
depending not on suction but on pressure from below, 
is caused by the roots, and is altogether independent 
of the use of the water for the purpose of growth or 
of transpiration. If the woody stem of a land-plant 
is cut through above the root, the root being attached 
to the ground in the ordinary manner, and if the 
ground is clamp and sufficiently warm, water exudes 

I It,. App.tr.it. is lor observing the 4 

force w. tii uhii.il wat.-r . • scapes mvitr mot- from the transverse section of the stem cither at once 

pres'.iui fiom the ir.msver.t set turn of a 

stem > The >:iass tube a* is ibst of aii or after some lime, tlic current continuing for days, 

firmly fastened to the stem, ami the tube r 

then r.ved mto .t i.y the < -rh *. a* i, com- and the quantity of water which flows out amounting 

plctelv tilled with water, the nppet cork A 1 J 

then fixed in u. amt men m> p.mre.1 mto sometimes lo manv times the volume of the root. 

the tnlie r so .is to stand ft>nn the fust " 

lusher at than at the lev.-i ,/ m,u B This current of water, which rises through the wood 

above >/ nc cordim' to the intensity of the 

ro,,t -pressure, in.* apparatus is mm.h and especially in the vessels, can only be induced by 

more i onveiuent to handle than that hither- 1 J J 

lt> 1,1 ,,M *- a pressure existing in the lower parts of the root. If 

a manometer of a proper form is fixed in the section 
(Fig. 467), it shows that even in smaller plants with but little wood (as Tobacco, 
Maize, the Stinging Nettle, &c.) the water which exudes stands at a pressure 
which holds in equilibrium a column of mercury several centimetres in height ; 
while in sonic woody plants, as for instance the Vine, this pressure may amount 
to 76 cm. (or one atmospheric pressure). 

In many plants of small height this root-pressure is observable from the fact 
that water exudes at particular points of the leaves in the form of drops, pro- 
vided that the internal supply of water is nowhere diminished by powerful transpira- 
tion, and the pressure thus removed. Thus drops of water appear abundantly 
and repeatedly on the margins and apices of the leaves of many Grasses (especially 
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striking in the Maize), Aroideae, Akhemilla \ &c., when transpiration is diminislied 
by the absence of light and the cooling of the air, and the activity of the roots 
increased by warm damp earth. Even in unicellular plants, or those which 
consist only of rows of cells, as the Mucorini (e. g. Pilobolus crystallinus ), Pemcillium 
glaucum , and the large Fungi (as Merulius lac ty mans), the water is forced out in 
drops from the upper part, it having been absorbed by the lower parts which 
perform the function of roots and press it upwards. 

Fluid however not unfrequently appears in drops in places where there can 
be no pressure directed upwards from the root. Thus the nectaries of flowers, 
as those of Fritillaria imperial is, and the glands in the pitchers of Nepenthes 2 , &c., 
exude drops of liquid even when the stem is cut off from the root and merely 
placed in water. In this case the forces which cause the pressure must arise in 
the upper masses of tissue, perhaps even in the organ itself, for the water is 
conveyed to the cut stem not by pressure but by suction. 

The phenomenon known as the ‘ bleeding ’ of wood cut in the winter must not 
be confounded with this. This bleeding occurs when the cut branch or piece of 
stem, previously cold and saturated with water, is rapidly warmed; the air which 
is enclosed with the water in the cells and vessels of the wood expands, and forces 
the water out where it can find an opening. If the piece of wood is again cooled, 
the air contracts, and the water in contact with the section is again sucked in. It 
is evident that these expansions and contractions of air in the wood must also take 
place when the woody substance of the tree is uninjured; anti hence currents are set 
up from the parts which are becoming warmer to those which are becoming cooler, 
and tensions are brought about. All this however happens only so long as air as 
well as water is found in the cavities of the wood, as is the case in the winter 
and spring before the leaves unfold and transpiration begins. 

Although the movements of water in plants have been copiously investigated and 
discussed for nearly 200 years, it is nevertheless still impossible to give a satisfactory 
and deductive account of the mode of operation of these movements in detail :t . This 

1 According to Ducharlre, i_)c la Rue, and Uosanoff, the exudation usually takes place through 
stomata, which are cither developed in a peculiar manner, or are very large (water-pores), or 
possess the ordinary form. Do Rary remarks in connection with this:— ‘Jf water is forced 
into the wood of a branch of a plant adapted to the purpose, e. g. Fuchsia g 7 o 6 o.su, by the moderate 
pressure of a column of mercury, drops of water at once exude from the large stomata’ (Rot, Zcitg. 
J869, No. 52, ]). 882). [This subject has l>een fuither investigated by Moll (Med. d. k. Akad. v. 
Wet. XV. 2, 1880 : see also Nature, vol. XXII, 1880.] 

2 [The liquid contained in the pilehcr-like organs of Sarracenia, Nepenthes , Ccphalutus, &c. is 
not pure water. Dr. Vblcker (Ann. and Mag. of Nat. Hist. vol. IV. p. 128, and Phil. Mag. vol. 
XXXV. p. J92) states that it is generally clear and colouiless, rarely yellowish, and reddens litmus. 
The propoition of icsidue left on evapoiation varies from 0 27 to 0*92 p. c. This residue consists 
of 38*61 p. c. organic matter, chiefly malic acid with a little citric acid, 50 02 p. c. potassium 
chloride, 6*36 p. c. soda, J 59 p. c. lime, and 2*59 p. c. magnesia. Dr. lluckton (Nature, vol. 
111 . p. 34) found that the liquid contained in the pitcher-^ike labelluin of Coryanthes consists of 
98*51 p. c. W'atcr and volatile oils, and 1*49 p. c. non-volatile residue. It is clear and somewhat 
glutinous in consistence, with a high refractive power, and a sp.gr. 1*062; neutral to test-paper; 
on evaporation it becomes milky, finally yielding a transparent gum insoluble in alcohol. See 
paragraph (e) in the appendix to this section.] 

8 Although Dr. Miiller, in the second part of his ‘Rotanische Untersuchungcn’ (Heidelberg 1872), 
assumes that he has actually accomplished this, those only will believe it wdio arc entirely ignorant 
of vegetable physiology. 
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much appears certain, that the ultimate force concerned is diffusion (in the broadest 
sense of the term). But since in the living plant this force acts under conditions widely 
different from those in operation in artificial “apparatus, wc are compelled on all essential 
points to draw our conclusions as to the internal processes from the careful study of 
the phenomena in the plants themselves. Our space will however only permit us to 
refer to these in general terms. The main result of the investigations hitherto made 
is to maintain the distinction between the different causes of motion in the fluids of the 
plant to which we have already alluded, until a more thorough knowledge justifies some 
other interpretation. What follows is less for the purpose of explaining the phenomena 
than of illustrating by examples what has already been said. 

(«) The slow movement of water caused merely by Growth and Assimilation is 
seen in its simplest form in unicellular Fungi and Alga: and in those in which the cells 
are arranged in rows and plates, and in germinating spores and pollen-grains ; since in 
these cases the growing and assimilating cells absorb the water which they require im- 
mediately from their moist environment. That this is caused by the imbibing power 
of the cell -wall and of the protoplasm as well as by endosmosc (/. c. the attraction of 
the dissolved substances within the cell for water), is certain, although we have not 
yet sufficient knowledge of the exact mode in which these processes go on. On the 
other hand, in plants which consist of masses of tissue the young growing parts 
withdraw the water of vegetation from the older mature parts, and these latter become 
in consequence empty if they receive no fresh supply from without. This is seen 
clearly when tubers bulbs, trunks of trees which have been cut down, &c., put out 
buds in ordinary moderately dry air, and thus gradually lose the water they have 
contained b 

(h) Transpiration 1 2 3 — i.e, the evaporation of water from cells and masses of tissue —is 
produced and modified by external and internal conditions and causes. Among ex- 
ternal cause* those must first be noted which produce evaporation from moist surfaces, 
such as the relative temperature and dryness of the air and that of the transpiring 
tissue itself. Evaporation will generally increase as the temperature of the surrounding 
air rises and its degree of saturation consequently decreases; and this must for our 
purpose be considered the most direct measure of the greater or less t< ndency to 
evaporation. It must not however be expected that the amount of evaporation from 
plants b simply in proportion to any one of these conditions. It is still doubtful whether 
light, i.e. radiation as such, independently of the elevation of temperature caused 
by it, influences transpiration \ The stomata of most plants open more widely in light 
than in the dark 4 ; that is, the openings which allow of the escape of the aqueous 
vapour formed in the interior of the tissue become larger, and this must have the effect 
ot promoting further evaporation within. It is not yet decided whether light acts on 
the stomata as such, or by means of the heat which accompanies it, or the chemical 
changes which it causes. 

Among the conditions connected with the organisation of the plant itself which de- 
termine the amount of transpiration must be noticed the nature of the cortical tissue, the 
size and number of the intercellular spaces, and the character of the substances dissolved 
in the ccll-sap. When the cortical tissue is a continuous and thick layer of periderm as 
in many woody branches, potato-tubers, &c., or a thick layer of bark as in older trunks 
of trees, the evaporation of water from the succulent tissues which lie beneath is rendered 


1 For fuither detail* sec* Niigcli, Bench Ic der kbn. baycr. Akad. 1861 ; Botanische Mitlhcilungen, 
vol. I. p. 40. 

a Sachs, Experimental-Physiologic, p. 22 1. — Muller, Jahrb. fiir wiss. Hot. vol. VII, 186-8. — 
Baranetzhy, Hot. Zeilg., 1872, Nos. 5-7. — [See also Vesque, Ann. Sci. Nat. 1877, and Burgerstein, 
Ueb. den Einfluss acusserer Bedingungen auf die Tianspiration, Wien, 1876.] 

3 l)ch grain's researches (Ann. des Sci. Nat. 1869, pi. XII. p. i) do not decide the question. 

4 Von Mohl, Lot. Zeilg. 1836, p. 697. 
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difficult in the extreme 1 . The cuticnlarised outer wall of the epidermis of young 
leaves and internodes is less efficacious in this respect ; if it is very thin as in many 
quickly-growing leaves, especially those of water-plants, or altogether imperceptible as 
in roots, these parts dry up very quickly in ordinary air. In contradistinction to this 
the evaporation is very small from hard evergreen leaves, Cactus-stems, &c., which arc 
covered by a thick cuticular coating. It may be assumed that in plants provided with 
a thick cuticle transpiration takes place principally through the stomata, and is therefore 
dependent on their smaller or larger number and size. The evaporation does not in 
this case proceed from the surface of the organ (or only to an imperceptible extent) 
but in its interior, viz. at the places where the cells of the parenchyma bound the inter- 
cellular spaces. These spaces may be supposed to be always at least nearly saturated 
with aqueous vapour ; but the vapour will escape through the stomata with every increase 
of its tension or decrease of the tension of the vapour without, and will thus give rise to 
the production of more vapour in the inside. The production of vapour in the inter- 
cellular spaces is moreover the more abundant the larger they are themselves, or in 
other words the larger the superficies of cell-wall which bounds them. This circum- 
stance, and the much larger number of stomata on the under side of the leaves, are 
clearly the reason why evaporation is generally so much more copious from it than from 
the upper side. Since water containing any substance in solution evaporates more slowly 
than pure water, and the more slowly the more concentrated and denser the solution, 
this must also be considered among the conditions which limit the transpiration of water 
from the sap of plants. It must not however be forgotten that evaporation takes place 
only on the external surfaces of the cell-walls of tissues, which on their part remove the 
water by imbibition from the cell-sap. 

The conditions now named which regulate transpiration are combined in the most 
various ways, and not only cause different plants to show different amounts of transpira- 
tion, but also the amount to be very different in the same plant at different times. 
A definite statement cannot however be made of the total amount of transpiration, i.e. 
of the quantity of water required by a plant during its period of vegetation, although 
certain very variable limits can always be assigned to each species in this respect. 
Two plants of the same species may, as any one may see, thrive equally well if one 
grows in damp soil and dry air, the other in dry soil and damp air, the former thus 
using up a large, the latter a small amount of water. In general the conditions of 
transpiration which have been mentioned exhibit periodic variations related to the 
meteorological distinction of day and night ; the temperature, the moisture of the air, 
and light, are usually favourable to evaporation by day, unfavourable by night; but 
under certain circumstances this condition may even be reversed. 

(r) Currents of Water in the Wood. Superficial cells or those which bound intercel- 
lular spaces and lose water directly by evaporation would very soon collapse and dry up 
if they were not able again to replace that which they have lost. This can only take 
place by the flow of water from the adjoining cellular tissue from which no evaporation 
occurs ; but when this tissue is placed in the same condition as the former, it must also 
compensate its loss from more distant layers of tissue, and these again from those which 
are connected with the conducting organs or woody bundles which convey the water 
from the roots. The question here presents itself whether this movement of water 
within the succulent tissue (especially in the parenchyma of the leaves) is caused by 
endosmosc from cell to cell, or whether it does 114* occur at least principally along 
the cell- walls, these latter forming the channels of communication between the woody 
bundles and the surfaces where the evaporation t.ikcs place, the contents of the cells 
being only incidentally concerned in the process. 

The chief evidence of the fact that the rapid currents of water in the roots, stern, 
and branches caused by transpiration take place only in the wood, i.e. in the lignified 


[It may lit* effected in the summer by means of the lcnticcls; see ante, }>. 108.] 
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xyleni, has already been stated. It can be demonstrated in a more conspicuous manner 
by placing a cut stem or branch with its cut surface in a coloured solution 1 while the 
leaves are transpiring. If the stem or branch is c'lt through at various heights after 
a few hours , or according to circumstances after a longer period, the colouring of the 
wood will show how high the solution has been sucked up in it, and will be seen only in 
the woody bundles and not in the cortex or pith. If branches with pure white flowers 
are employed in this experiment, such as a white-flowered Iris or Deutxia, and if they 
are placed in a dark aqueous solution of aniline, the white petals are found, after from 
ten to fifteen hours, to be permeated by dark blue veins corresponding to the fine woody 
bundles of the venation. This beautiful appearance however soon vanishes, the poisonous 
colouring material subsequently killing the adjoining layers of parenchyma, and colouring 
the spaces between the veins blue by diffusion, and the corolla consequently becomes 
flaccid \ 

The difference in the amount of transpiration under different external conditions 
must also correspond to a difference in the rapidity of the current of the water in the 
wood. In rainy weather, when there is no evaporation or but very little from the 
leaves, the movement of the water in the stem will be very slow ; but when the 
transpiration increases with sunshine and wind, the current of water in the woody 
bundles is also accelerated. Under the hypothesis that the water moves only in the 
woody suhsjfkinco of the walls of the wood-cells themselves and not in their cavities, I 
have calculated the rapidity of the ascending current of water in a branch of the Silver 
Poplar in which there was strong transpiration, and obtained a rate of 23 cm. per hour. 
M c Nab placed branches of Prunns Lauroccrasus 3 from which transpiration was taking 

1 I must take this opportunity of making the remark that I still entertain, and in a high degree, 
the doubt previously expressed, whether it is not apuiely pathological phenomenon that is produced 
in this manner. 

a [This is a method of experimentation which has been practised by numeious observers since 
the commencement of the last century, when it was apparently first tried by Magnol. Sarrabat 
(otherwise Delabaisse) coloured the veins of the flowcis of the tubeiose {Polyanthes tuberosa) and 
Snapdragon ( Antirrhinum nuiju*) by watering the plants with the juice of the berries of Phytolacca . 
(l)isseit. sur la ciicul. de la Sevc, Bordeaux, 1733.') 

Van Ticghcm ^in the French edition of this woik, p. 791) quotes Reichel as having plunged the 
loots of a flow eiing plant of Datura Stramonium into a decoction of the wood of Fcrnamhouc; the 
liquid followed the com sc of the vessels, and after eight days veined the corolla with red, and made 
its appearance also in the stamens, the w'lills of the fruit, and even in the style. (De vasis plantaium 
npiialibus, Leipzig, For other old authorities see De Candolle, Phys. Veg. i. 82. 

De Saussure found that the stem of a bean became coloured by a decoction of Brazil-wood; and 
this was one of the facts upon which he based the conclusion that organic matters weie capable of 
being taken up by the roots of plants ^Ann. des ('hem. u. Phys. xlii. p. 275). lliot noticed that the 
red colouiing matter of Phytolacca was absorbed by white hyacinths when poured upon the soil in 
which they were grown ; after two or thice days, however, the led colour disappeared from the 
flowcis. (Comptes Rendus, 1S37, i. 12.) Unger also made the same expci intent (Botanical Letters, 
p. 38). Ilallicr immersed the ends of cuttings of plants in solution of indigo or black cherry juice. 
(Phytopathologie, 1868, p. 67). Person states (Introd. a l’etude de la Chitnic tnoleculairc, p. 553) 
that plants of Impatient parviflnra , the roots of which are immersed in a solution of sulphindigotic 
acid, absorb that fluid in a reduced or colourless state due to the action of the roots upon it ; in the 
petals it again undergoes oxidation and becomes blue. The experiments of Herbert Spencer (Prin- 
ciples of Biology, i. p 538) may also be leferred to.] 

M°Nab, Transactions of the Botanical Society of Edinburgh, 187T. [Dr. Plitzer has suggested 
that the result may be arrived at by the much simpler mode of allowing the plant grown in a pot to 
become so flaccid from want of water that the leaves droop perceptibly, and then, after supplying the 
loot with watei, to observe the length of time that elapses before the leaves at various heights from 
the giound recover their normal position. Pfit/cr found by this means a much more rapid rate of 
ascent indicated than that stated by M'Nab; and believes that theie is a serious source of error 
in M‘NdlA expunuents, from the saline solution not lining so fast as pure watei : (also Trans. Roy. 
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place in a solution of lithium citrate, and then examined the ashes of successive inter- 
nodes by the spectroscope. The solution was found to rise from 42 to 46 cm. in one 
hour. But neither method of calculation is exact or probably of much value. 

The current of water in the wood which replaces the loss occasioned in the leaves 
by transpiration is not caused by osmose, since at the time when the transpiration is 
strongest and therefore the current in the wood quickest, the cavities of the conducting 
wood-cells do not contain sap but air, or at the most are only partially filled with fluid. 
If the rising of the water took place by endosmose from cell to cell, the cells would 
necessarily possess closed cell-walls and be full of sap, the concentration of which would 
constantly increase from below upwards in the wood. But the conducting cells are at 
this time not closed, but partially or altogether (as in Conifer#) connected with one 
another by open bordered pits 1 . In the spring, before strong transpiration sets in, and 
therefore at a time when the water in the wood is comparatively at rest, the wood-cells 
also, it is true, contain sap, flowing in quantities out of their communicating cell-cavities 
when holes are bored in the trunks (as in the Birch, Maple, &c.). But this sap does 
not, as is proved by analysis' 2 , show a concentration increasing from below upwards. 
The fact 3 also that water rises in cut leafy stems placed with their upper end in water 
though planted and rooted, and flows therefore in a direction opposite to the ordinary 
one in the stem, shows that endosmose depending on a definite distribution of the 
concentration of the sap cannot be the cause of the current of water. Since vessels 
and wood-cells communicating with one another through their open pores form narrow 
cavities which sometimes become wider as they proceed, sometimes narrower, the woody 
substance may be represented by a bundle of narrow glass tubes alternately bulging and 
contracting, in which the water which fills them rises by capillary attraction. But how 
little efficacious a contrivance of this kind would be is seen at once from the width of 
the capillary tubes, which is much too great to raise water to a height of 100 feet or 
more. It must also be pointed out that in the summer, when the current of water 
is strongest, it is principally air and not fluid that is conveyed through the cavities of 
the cells. 

Since it is evident from what has been said that the movement of the water takes 
place in the woody substance and not in the cell-cavities filled with water, there remain 
only two hypotheses; viz. (1) that the movement takes place in the water contained 


Irish Acad. vol. XXV, 1874). Sachs has found that salts of lithium do travel along cell walls as fast 
as the water in which they are dissolved. By supplying the loots of plants with a solution of a salt 
of lithium, lie has obtained the following rates at which it travelled in the root and stem : — 


Plants with roots in water. 

Kate per hour. 

Salix fragilis 

. 8,vo cm. 

Zea Metis . 

3 r>, o '» 

J hauls with roots in earth. 


Nicotinna Tahacum 

1180 ,, 

Albizzia lophantha 

154 0 .. 

Musa Sapientum . . 

997 >1 

Helicinthus annuus . 

63 0 „ 

Vitis vinifera 

. 98 0 „ 


In all these cases the plants were under such conditions as to promote transpiration to the utmost. 
(Sachs, Beitr. /.. Kcnnt. d. aufsteigenden Saltstroms in transpirirenden Pfianzen, Arb. d. hot. Inst, in 
Wurzburg, II. 1, 1878. J v 

1 [Sachs has found that in Abies pectinata the bordered pits of the spring-wood are closed 
(Porositat des llol/cs).] 

8 The older statements of Unger are referred to in my ‘ Experimental -Physiologic otlicis will 
be found in Schroder, Jahrb. fur wiss. l»ot. vol. VJT. p. 266 el seq. 

3 The conduction is however by no means so considerable in the reversed as in the ordinary 
direction, as Baranetzky found in the laboratory at Wurzburg; but this ma> be connected with other 
peculiarities of the organisation. 
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in the lignified cell-walls (or in other words imbibed by them) ; and (2) that it is caused 
by a very thin stratum of water which overspreads the inner surface of the wood-cells 
and vessels 1 . In both cases it must be assumed that the transpiration in the tissue of 
the leaves causes the upper parts of the wood to contain less water, and therefore 
to draw up the water from the parts which lie lower. The woody bundles of the 
roots are surrounded by succulent parenchyma, from which they remove the water; 
and these again absorb it from the soil by endosmose. It may however be imagined 
that this movement in the substance of the cell-walls (the contents not participating in 
it) extends as far as the surface of the parenchyma of the root, where the water con- 
tained in the soil is absorbed. The question whether the attraction of the cell-walls 
for water, — putting aside the question whether it moves in their substance or only on 
their surface, - is sufficiently powerful to sustain the weight of a column of water of 
the height of 100 or even 300 feet or more attained by some trees, may be answered 
without hesitation in the affirmative, since we have to do here with molecular forces 
in relation to which the action of gravity altogether disappears. But it is another 
question whether the rapidity of the molecular movements of water of this nature is 
sufficient to cover the requirements of the foliage of a tree which amounts on a hot day 
to hundreds of pounds 2 3 . 

The hypothesis finally that the water necessary to supply the loss by transpiration 
is forced u»> into the stem as far as the leaves by root-pressure must be abandoned, 
since this could only operate in the cavities of the wood; and these are always empty 
in energetically transpiring plants. In the case of tall trees the pressure would also not 
be sufficient ; and if I at one time assumed that this might be a cooperative cause at 
least in shrubs and annual plants, I must retract this after my observations made in 
the year 1870; since these show that the root-stock of such plants as the Sun-flower, 
Gourd, &t\, is even subject to a negative pressure when they are transpiring strongly ; 
/.«*. does not press water up, but greedily sucks it in at a cut surface above the ground 
(vide infra ) s . 

The insufficiency of all attempts hitherto made to explain the transpiration-current 
in the wood is especially noticeable from the fact that it is only under certain in- 
ternal conditions which cannot be more accurately ascertained that wood is capable 
of conducting water with the force and rapidity required by the transpiration from 
the leaves. Woody but air-dry branches with a lower cut surface placed in water 
are never able to raise up as much water as is necessary to compensate the evapo- 
ration even from an upper cut surface; while the same branch in a fresh state 
conducts water fast enough to replace the much greater amount of transpiration from 
the numerous leaves. A change is thus caused in wood simply by drying up which 
deprives it oi the power of conducting water rapidly. The natural alteration which 
takes place in wood, by which it is transformed as it increases in age into ‘duramen ’ — 
the cell-walls becoming harder and of a deeper colour —also deprives it of this power. 
If a tree is deprived not only of the bark but also of the ‘alburnum ’ (the light-coloured 
younger wood on the outside), in an annular zone, the foliage of the tree, according to 
the statement of different writers, dries up, because the water is not conducted suffi- 
ciently rapidly through the duramen. 

1 This hypothesis follows from the discoveries of Quincke on capillarity, and has been commu- 
nicated to me by him. [In consequence of subsequent leseaiches, Sachs is now of opinion that the 
transpiration-water travels only in the cell walls of the wood (Ueb. die Porosilat des Ilolzcs, Arb. d. 
bot. Inst, in Wiir/buig, II 2, 1N79).] 

2 See Nageli u. Sclnvendencr, Das Mikroskop, p. 365 et .s eq. 

3 [This negative pressure is due to the fact that, in consequence of active transpiration, the air 
which is contained in the vessels of the wood is more rarified, i.e. is at a lower pressure, than that of 
the atmosphere. Consequently, when the stem of an actively transpiring plant is cut through under 
water or mercury, the liquid is violently injected into the cavities of the vessels by the atmospheric 
pressure. [See von U«»hnd, in Mitlhcil. d. k. k. I.andwnth ch. T.abuiaf. in Wien, 1S77. )] 
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Among the most remarkable of the phenomena related to this is the fact that the 
younger terminal portions of the stems of large-leaved plants partially lose the power 
of conducting water when cut off in air. If the cut leafy end of the stem of Helumthus 
annuus , H. tuberosus , Aristolochia Sip ho, &c. be placed with the cut section in water, the 
suction is not sufficient to compensate the evaporation from the leaves, which therefore 
wither* after a shorter or longer time 1 . As I have already shown in the second edition 
of this book, the withered shoot may in a short time be revived by forcing in water by 
means of the contrivance represented in Fig. 468. I did not discover till afterwards that 
the shoot remains turgid even when the pressure is reduced to zero, and even when 
the mercury is raised up by the suction of the shoot in the same arm of the tube (7), 
when therefore a force acts on the section of the shoot in the opposite direction. 
This shows that the forcing in of water is only necessary at first, but that the revived 
shoot has kself sufficient power of suction to raise up a column of mercury several 
centimetres in height, and thus to replace the loss by transpiration from the leaves. 
Thus much was known about the phenomenon of the withering of cut shoots placed in 



Mi. 4 'iH.- Apparatus toi showing tin* revival nf uithcml slmots l»y furcinjj wab-i into them I la C-shapcd 
lube is hist filled with water, and the ja.tfui.ited stojiju'i of t a<uit< hunt X* in which the stalk of the plant is inserted 
is then fixed in. When tin shout is withered, as n*|ir« si-nted My inert ury is |>omvit into the otlu i arm of tin tube, 
so as to stand at q' some K or mi m above q, and the shoot then reuvos, as represented by (>, even when the level q 
becomes subsequently flight i than </. 


water, when Dr. Hugo de Vries - took up the further investigation of it in the laboratory 
of the Wurzburg Institute. The results obtained by him I will now quote: — 

‘ If rapidly-growing shoots of large-leaved plants are cut off at their lower part 
which has become completely lignified, and arc placed with the cut surface in water, 
they remain for some time perfectly fresh. But it they are cut through at the younger 
parts of their stem and are then placed in water, they soon begin to wither, and the 
more rapidly and completely the younger and less lignifyjd the part where the section is 
made. This withering can be easily prevented by making the section under water, and 
taking care that the cut surface does not come into contact with the air, the conduction 


1 [Von Hohnel has shown (Bot. Zeitg. 1S79) that the rapid loss of conductivity for water shown 
by branches which have been cut off and placed in water is due to the fact that the contents of the 
injured cells escape and form a layer on the cut surface ; this becomes infested with Bacteria, and 
these form a membrane (yooglnea) over the surface which prevents the absorption of water.] 

* [Arb. d. bot. Inst, in Wuizburg, I. 3, 1873; Ueb. das Wclken abgeschnittener Spruce.] 
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of water through the stem thus suffering no interruption. If care is taken that while 
the section is being made in the air the leaves and upper parts of the stem lose 
only a very small quantity of water by transpiration, withering does not begin till later 
and increases only slowly after the cut surface is placed in water and the leaves again 
transpire.’ 

It results from these experiments that the cause of withering is the interruption in 
the conduction of water from below ; and this interruption produces withering not only 
from the conduction of the water ceasing for a short time, but chiefly also from the 
power of conducting water in the stem being diminished by the loss of water above the 
cut surface, which loss cannot be restored simply by placing the cut surface in contact 
with water. 

If the cut surface does not remain too long in contact with the air, the diminution 
of the capacity for conduction takes place in only a short piece of the stem above the 
cut. When placing in water ends of shoots which have begun to wither after being cut 
off, it is only necessary to remove by a new cut a sufficiently long piece above the first 
cut, but this time beneath the water, for the shoot to revive. In the case of shoots 
20 centimetres or more in length which at this distance from the apex are not ligni- 
fied, the removal of a piece 6 cm. long is usually sufficient to revive the withered shoot 
(r. t g. in Heliantbus tuberosus , Samhucus nigra, Xanthium cchinatum, &c.). This experiment 
proves beyond question that the change, whatever its nature may be, takes place only 
in this relatively short piece above the cut. That it consists in a diminution of the 
power of conducting water is shown by the following experiment : — When a sufficient 
number of the lowest and largest leaves have been remo\ cd from a stem of Heliantbus 
tuberosus cut oil* in the air and placed in water, and which has begun to wither, the 
leaves that are left and the terminal bud will after some time begin to revive even 
without again cutting the stem. The water which is required for the transpiration of 
a great number of leaves can therefore no longer be conducted through the stem after 
it has been cut off in air, although that which is wanted for the transpiration of a few 
leaves can be. 

The cause of this phenomenon is therefore a diminution in the power of conducting 
water in a short piece above the cut surface of the stem. This is evidently occasioned 
by the loss of water from the cells caused by the suction of the higher parts not being 
compensated by absorption from below. All circumstances which favour this loss of 
water increase also the loss of power of conducting it, and cause the shoot which is 
placed in water to wither more rapidly and completely. It must therefore be assumed 
that the conducting power of the cells depends on the quantity of water they contain. 
The probability of this hypothesis is increased by the fact that by artificially increasing 
the amount of water in the cells of this piece its conducting capacity can also be in- 
creased, as is proved by forcing in water from below. If the modified portion is dipped 
in water of from 35" to 40 C., the withered shoots soon revive, and if then placed in 
water of 20° C., remain fresh for days (as in the case of the Elder), or at least wither 
more slowly (e.g. the Artichoke). 

(d) Water retained in the wood by Capillary Attraction. If the capillarity of the cavities 
in the wood must be considered as without any immediate action on the currents of 
water, this force must nevertheless be taken into account with respect to other processes 
connected indirectly with the movement of water in the plant. In winter and after 
long-continued rain in summer a large quantity of water is found in the cavities of the 
wood together with bubbles of air which occupy the wider spaces. It is not known how 
this water has reached the higher parts of the trees, though it is possibly by the forma- 
tion of dew as the temperature varies; it is however to a great extent retained by 
capillarity. A part of the water flows out in many cases through holes bored in the 
stem if they are not placed too high, as in the Birch, Maple, Vine, &c. It may be sup- 
posed that the Water which flows out has been forced up by the root-pressure which 
must also be taken into account ; though how far up this pressure extends is not yet 
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ascertained. The water which is present in the cavities when there is feeble transpira- 
tion and which will not flow out of them is clearly retained by capillarity, assisted by 
the air in the cell -cavities; for Montgolfier and Jamin have shown that in capillary 
spaces which contain water and air, the water is not easily set in motion. This explains 
also the phenomenon already mentioned, that water escapes when pieces of wood which 
have been cut off in cold weather are warmed, because the air expands and forces out 
the water. Subsequent cooling causes on the contrary water to be sucked in at the cut 
surface, because the air contracts, and the pressure of the external air forces in water 
from without. 

(e) T be ascent qf water from the root into the stem'. The most important features of 
this phenomenon have already been briefly mentioned. It is to be observed in the 
open air in plants of the most different kind, if they possess vigorous root-systems and 
well-developed wood; as, for instance, in the Birch, Maple, and Vine, and among annual 
plants, in the Sunflower, Dahlia , Ricinus , Tobacco, Gourd, Maize, Stinging Nettle, &c. In 
order to study the phenomenon accurately, it is best to grow the plants for some time 
previously in large flower-pots until they have developed a strong root-system. Land- 
plants such as Maize grown in water and artificially fed by nutrient substances are 
also well adapted for the investigation. If the stem of such a plant is cut across smoothly 
5 or 6 cm. from the ground, and a glass tube fixed to the stump by means of an 
india-rubber tube, the result will be seen as follows. If the plant was in a condition 
to transpire freely before it was cut, the cut surface of the root-stump remains at first 
quite dry, and if water is poured into the glass tube it is at once sucked up 1 2 . The 
woody substance of the root-stump lias evidently been exhausted by transpiration before 
the operation, and contains but very little water; not only arc its cavities empty, but 
even the cell-walls of the wood may not be saturated. After a shorter or longer time 
however the exudation of water at the cut surface begins— rising higher and higher 
in the tube — and continues from six to ten days if the plant is properly treated, be- 
coming during the earlier part of the time continually more copious, attaining a maxi- 
mum, and finally diminishing until it ceases with the death of the root-stock. If the 
cut section is repeatedly dried with blotting paper during the time that the water is 
flowing, it is clearly seen that the water exudes from the woody tissue — in Monocoty- 
ledons from the xylem of the separate bundles — and that it comes principally from the 
openings of the larger vessels. That the water which flows out had previously been 
absorbed by the roots out of the ground, and not merely from the store in the root- 
stock, is at once evident from the fact that the quantity which exudes at the cut section 
is after a few days greater in volume than the whole of the stock. Under the conditions 
here described, the water which flows out contains only traces of organic substances 
in solution ; but the presence of mineral constituents can be easily proved, especially 
lime, sulphuric acid, phosphoric acid, and chlorine, which the plant has absorbed out of 
the ground. The water which flows in tiie spring from holes bored in trees such as the 
Birch and Maple, contains however considerable quantities of sugar and albuminous sub- 
stances; since the longer stagnation in the cavities of the wood gives it the opportunity 
of absorbing these substances out of the closed living cells of the wood and out of the 
surrounding parenchyma, a result which cannot be expected, or only in a smaller degree, 
in the case of the rapid flow from the smaller root-stocks of quickly-growing plants. 

In order to determine the quantity of the outflow, a narrow burette may be used 
instead of the tube, in w'hich the amount can be r^ad off hourly in cubic centimetres 
when the outflow is at all considerable. The root-pressure which acts upon the cut 
surface is however then considerably altered. In order to avoid this, a tube of the 

1 See in particular Hofmeistcr, On the tension and the quantity and rapidity of the flow of the 
juices of living plants ; 1'lora, TS62, p 97. 

a This fact is sufficient to prove that the root-pressure has no share in the ascent of the water at 
the time when transpiration is active. 
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form shown in Fig. 467, R is fixed to the stump, and to it is attached a narrow tube 
instead of the manometer ; the free end of this tube is bent downwards into a graduated 
burette. If the tubes arc from the first filled with water, as much runs into the 
burette as flows out from the cut section, and the pressure therefore remains constant. 
From this experiment it has been ascertained that the flow of water varies from day to 
day, from one time of the day to another, and even from hour to hour ; but the causes 
of these variations in the outflow, which must depend on the activity of the roots, are 
not yet known ; it would even seem as if a periodicity were established independently of 
the temperature and of the moisture of the ground 1 . 

The measurement of the highest pressure at which the outflow can still take place at 
the cut surface can be effected by the apparatus figured in Fig. 467, where it is expressed 
by the difference of level of the mercury in the two arms of the tube, or by q — q. 
This will however only afford a measurement of the pressure which the outflowing water 
may be able to overcome at the cut surface ; but it has obviously had also to overcome 
other resistances of unknown magnitude in the interior of the root-stock. With respect 
to this point I was interested in ascertaining how great is the difference in the outflow if 
one of two equal root-stocks has no pressure to overcome at the cut surface, the other 
a considerable but constant pressure. If, in Fig. 469, n indicates the cut stem of a 
Sunflower or similar plant grown in a pot, r, d, e the tube which is attached to it by the 
india-rubber tube A, and f a glass tube bent downwards, which (not as in the figure) 
reaches beyond the rim of the pot and terminates in a burette, while the opening of J 
lies exactly on the level of the cut surface of the stem; then, when the tube r, d> e, f 
has been filled with water, w r e have an apparatus for observing the outflow when the 
pressure at the cut surface is at zero. A second root-stock from a plant of exactly 
the same age and vigour and grown in a pot of the same size is provided with the 
apparatus figured in Fig. 469, where the tube f through which the outflow takes 
place reaches the vessel h through the cork g. This vessel contains water in its upper, 
mercury in its lower part. A tube k rises from the cork i to a certain height and is bent 
round at the free end 0 where it dips into a graduated tube. If the apparatus is so 
contrived that, for example, the opening for the outflow 0 stands about 15 cm. above the 
level then the column of mercury on exercises a pressure of 15 cms. on the water b , 
and through it on the cut surface at b. When the water begins to flow out from the cut 
surface at b , the quantity of water in h will be increased, and an equal volume of mer- 
cury will flow out at 0. The mercury collects in the burette, and its level enables 
the quantity of water w hich has flowed from the cut surface to be read off from hour 
to hour, and to be compared in the other apparatus where there is no pressure. After 
a long period of observation, the level n falls sensibly and the pressure on augments a 
little. But it is easy to bring it again to the original amount if a fresh quantity of mercury 
is poured in every twelve hours. 


1 Very detailed observations on this point were made by Baranel/ky in the Wurzburg laboratory, 
in the summer of 1872. For Ibis purpose lie availed himself of the autographic auxanometer described 
hereafter. The sap fiow'cd irom the root -stock into one limb of a long narrow U shaped tube, in the other 
limb of which was a float bearing an index which marked the changes of level upon the smoked paper 
of the rotating cylinder. Thi** method gi\cs very accurate icsults in so far as the quantity of the sap 
is concerned. Considerable variations of lempciaturc (io° in 24 hours) affect the flow' in such a way 
that every rise inci cases, every fall diminishes it. If the vacations of temperature arc small, a daily 
periodicity which is independent of such variations can he detected, a maximum and a minimum being 
attained daily. According to Baranet/ky, the time of their occurrence depends upon the periodical 
exj>osuie of the plant to light during the time preceding the experiment. I am unable to assure 
myself of the correctness of this conclusion from Barnncizky's experiments. I do not deny the 
possibility of it, hut I reserve my opinion until further experiments have been made. (See 
Baranetzky. Bot. Zeitg. 1873, No. 3, and Die Periodic-flat des Blutens, Abhandl. d. naturfor. Ges. 7.11 
Halle, XT 1 I. 1873/1 
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I observed in this manner in the summer of 1870 for five days two equally strong 
root-stocks of the Sunflower 1 ; and the result was that the difference of the outflow was 
but small, although the amount of pressure in one case was zero, in the other case 
17 cm. of mercury. In the first thirty-three hours the outflow where there was no 
pressure at the cut surface amounted to 26*45 cubic cm.; when the pressure was 17 cm. 
of mercury it was 20*9 cubic cm. A sudden change in the pressure of the mercury 
of 1 or 2 cm. also caused no considerable alteration in the rapidity of the outflow. 

Our object now is to form some idea as to the cause of this powerful ascent of water 
in the wood of the root-stock, and to explain how it happens that the water absorbed 
at the surfaces of the roots not only passes into the cavities of the wood, but is pressed 
upwards with so great a force as to be able to overcome a considerable resistance at the 



Fir. 4^) - A pp.irntus for mo isunny the outflow under a < nnsidcrablc ami constant pressure . I he cork l lias a lateral incision 
in older to allow of the escape, of the air when the tncrcniy is dropped in. 


cut surface ; for it is obvious that the water which flows out above must have been 
absorbed below at the surfaces of the roots. This absorption can only be induced by the 
cndosmotic action of the parenchymatous cells of the cortex of the root. If we suppose 
that this endosmotic force is very considerable, these cells will swell greatly ; and as 
much water will filter through the cell-walls into the cavities of the wood as is ab- 
sorbed from without by emlosmose. The parenchymatous cells which arc gorged by 
endosmose drive into the vessels the water which presses into them in consequence of 
the endosmose, with such force that in flowing out above from the vessels it is still able 
to overcome a considerable pressure. It follows from this explanation that the pressure 
which acts at the cut surface must, in accordance with the laws of hydrostatics, be 


1 1 cannot here describe the whole series of minute observations. 
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exerted also against the inside of the vessels which receive the water from the turgid 
parenchymatous cells. But the water which enters them has also to overcome the 
resistance to filtration exercised by the cell-walls. The endosrnosc of the cortical cells 
of the root must overcome these resistances. Although we do not know the magnitude 
of the endosmotic force, yet we have ground for supposing that it is much greater than 
that given by Dutrochet’s experiments on animal membranes; and this explanation would 
therefore be very probable. But a difficulty occurs in answering the question why the 
turgescent cortical cells of the root expel their water only inwards into the woody tissues 
and not also through their outer walls. We may however here be helped by the suppo- 
sition that the micellar structure of the cell-walls is different on the outer and inner 
sides of the cells, and that those facing the exterior of the root are best adapted to allow 
endosmose, while those facing the interior of the root are best adapted for permitting 
filtration under high endosmotic pressure. It must however be observed that this 
supposition is at present only a hypothesis for the purpose of explaining to a certain 
extent the processes which take place in the root. The exudation of drops of water 
from the upper cell of the Fungus Pilobnlus crystallinus , from the root-hairs of a Mar - 
chant ia grown in damp air, &c., shows moreover that cells distended by endosmotic 
tension can in fact exude water at certain spots. It is difficult to give any other ex- 
planation of the exudation of nectar in flowers ; the excreting cells must evidently absorb 
the water >ur the sap with great force on one side, and then exude it on the other side. 
That in this case pressure from the root does not directly cooperate is shown by the 
fact that this exudation of nectar, which is often very copious, as in the flowers of Fritil- 
iaria imperial is and in the pitchers of Nepenthes *, takes place even when cut flowers or 
pitchers are simply placed in water. In this respect these exudations of fluid differ from 
the exudation of drops on the leaves of many plants, which only takes place when they are 
still in connection with the root, and which is clearly caused by the forcing power of the 
root (as in Aroideae, &c.). It also happens however sometimes that drops of water are 
exuded from cut surfaces of the tissue, while another cut surface of the organ absorbs 
water. This I found, for instance, to be the case with pieces of the young stems of 
different Grasses, cut off from 6 to 10 cm. in length, which were placed with the lower 
end in damp soil ; the free upper end then repeatedly and continuously exuded drops of 
water in darkness and in an atmosphere saturated with moisture. Here the paren- 
chymatous cells of the lower cut surface clearly acted as the cortical cells of the root, 
absorbed by endosmotic action, and probably pressed the water thus absorbed into the 
vessels, from which it then escaped to the upper cut surface. 

(f) The combined action of transpiration , conduction , and absorption of water by the 
roots takes place under ordinary and favourable conditions in such a manner that nearly 
as much water is absorbed through the roots and conducted upwards through the 
wood as is transpired from the leaves. As long as this equilibrium lasts, the plant is 
turgid and tense in all its parts ; and conversely, it may be concluded from the unaltered 
turgidity and tenseness of the leaves and internodes that the conduction of water is 
sufficient to compensate the transpiration by the leaves. Hence, under these conditions, 
the quantity of water transpired may be taken as the measure of the absorption of the 
root (or of a cut surface), and conversely the absorption observed as the measure of the 


1 Compare Wunschmann’s dissertation, ‘Uebcr die Gattung Nepenthes' (Berlin, 1872), where my 
Handbook only, and not the above taken from the third edition of this work, is quoted. It is 
questionable if there is any ground for distinguishing between ‘excretions’ and the sap which escapes 
from a root-stock in so far as the mechanism of the excretion is concerned, as the older botanists and 
Wunschmann do. The facts above mentioned render it improbable. They tend to show, on the 
contrary, that in other vegetable organs, as well as in roots, hydrostatic pressures may he set up 
which tend to force the fluids out of the tissues. It is a matter of merely secondary importance that 
‘excretions,’ such as nectar and the fluid contained in the pitchers of Nepenthes , aie of higher concen- 
tration than the sap which e-capes from a loot slock. 
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transpiration from the leaves. Since however the tissues can he more or less turgid 
without its being immediately perceptible, transpiration and absorption are not usually 
exactly equal. But for most observations the small occasional difference may be 
neglected so long as no actually perceptible amount of flaccidity, i.e. of withering, 
caused by the collapse of the cells, takes place when the transpiration is stronger and 
the absorption weaker ; or so long as, in the opposite case, no exudation of drops of water 
results on the leaves of rooted plants. It is only when longer observations are made on 
growing plants that the comparatively small quantities of water have to be taken into 
account which are needed for the increase in size of growing organs. 

Without going more minutely into the various cases which present themselves 1 , 
it need only be pointed out in addition that withering is the consequence of the 
quantity of water transpired being greater than that absorbed through the roots or 
through a cut surface of the stem. This only occurs in general when the amount of 
transpiration is very considerable, or when the ground is very dry, or when in cut shoots 
the power of the stem to conduct water has ceased. The exudation of drops of water 
already mentioned is, on the other hand, the consequence of a smaller quantity of 
water evaporating from the leaves than is absorbed by the roots and forced up into 
the upper organs. If a branch of a Potato-plant, a leaf of an Aroid, a cut stem of Maize, 
or the like, is fixed in the cork k in Fig. 468, and if, when the transpiration is weak a 
pressure of mercury of 10 or 12 cm. is allowed to act for some time, drops of water 
appear at the same spots on the apices or margins of the leaves, where they would 
appear in plants with roots in the evening or night or in damp weather. In the 
same manner the exudation of drops from plants with roots can be produced or 
increased by warming the ground and covering the leaves with a bell-glass in order 
to hinder evaporation *. 

The pressure due to the root which is so conspicuous in stems when cut across and 
when the amount of evaporation is very small, can scarcely be of any considerable use 
in promoting the current of water in the wood caused by strong transpiration. The 
fact already mentioned that strongly transpiring plants suck up water at the cut surface 
of their stems immediately after the upper part has been cut off, shows that the pro- 
pelling force of the root docs not act sufficiently quickly to protect even the vessels of 
the root-stock of strongly transpiring plants from complete exhaustion ; that is, although 
the force which drives the water into the root-stock is great, as we have seen, it acts 
too slowly to be taken into account when the transpiration is rapid. 

The same conclusion is reached if the quantity of water which exudes in the same 
time from the cut stem of a plant above the root is compared with that which is 
absorbed at the lower cut surface by the upper part of the same plant. The absorption 
of the upper part is always much more considerable in amount than the outflow from 
the root-stock, even when the withering of the upper part indicates that the capacity 
of its wood for conduction has diminished, and that it absorbs less than it would absorb 
in the normal condition. Thus, for example, the water absorbed by the cut leafy top of 
a Tobacco-plant amounted in five days to 200 cubic cm., while the root-stock exuded 
only 15*7 cubic cm. In the same manner in Cucurbita Pepo (when much withered) the 
amount absorbed was 14 cubic cm., the exudation from the root-stock only 11*4 cubic 
cm. The withered upper part of a Sunflower absorbed in a few days 95 cubic cm., 
while the root-stock exuded only 52*9 cubic cm. The result is also the same when 
the relative amounts which extend over a shorter tim« are compared 3 . 

1 See Rauwenhoff, I’hytophysiologische Bijdraden in Verslagen en Mededeclingen dcr k«u. 
Akad. van Wetens., Afdecling Natuurkundc, 2 a ° Reeks, Deel III, 1868, where however the indis- 
pensable thermometric observations are wanting. 

* The exudation of drops on the margins of the leaves of plants, the roots of which are sur- 
rounded by damp warm earth, their foliage rising into moist air, is a very common phenomenon, 
as I know from the experience of many years. 

3 For a more complete account see Arb. d. Bot. Inst, in Wurzburg, I. 3, 1873. 

y y 
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It follows from these facts that, with the exception of times whrti the amount *of 
transpiration is small or when drops of water exude from the leaves, no root-pressure at 
all exists when the plant is uninjured ; and that this pressure can only be detected when 
transpiration and absorption have ceased or when they arc very small. The exhaustion 
of the root-stock of a strongly transpiring plant (as after it has been cut off) proves 
rather that a plant with roots behaves in exactly the same way as a cut shoot. Just as 
the latter absorbs water from a receiver, so the wood of the root-stock which has lost 
water in consequence of transpiration above absorbs water from the cortical cells of the 
root which obtain it by endosmose. From all this it still remains in doubt whether in 
such cases the contents of the cortical cells of the root must not be left altogether out 
of consideration, since it is possible that the conduction of water by the cell-walls alone, 
reaches as far as the surface of the roots. 

(^) The parts of land-plants which are covered with a cuticle and in which transpira- 
tion takes place appear to have no power of absorbing in any considerable quantity the 
water by which they are moistened, such as the rain and dew which is deposited on the 
leaves. As long as the tissues and leaves of uninjured plants writh roots become turgid 
and are supplied with water from below, any considerable absorption through the sur- 
faces of the leaves themselves, even when they are thoroughly wetted 1 , is not to be 
expected, since it is not easy to see where the water can go in cells that are already 
gorged 2 * . But even when a rooted plant has withered, it is still doubtful whether the 
revival which takes place when its leaves are whetted depends on the absorption of water 
by the leaves, since it is not impossible for an upward pressure to take place subse- 
quently. Greatly withered shoots do not become turgid when placed in water, or do so 
only very slowly unless the cut surface is immersed, and even in this case there is 
doubt as to the absorption of water through the surfaces of the leaves. 

In harmony with this Duchartre found also 5 that rooted plants ( Hortmsia , Heliantbus 
annuus ), which withered in the evening in consequence of the dryness of the earth 
in the pot, did not recover or become turgid if copiously moistened by dew during a 
whole night, the pots in which the roots spread being provided with a closed cover. 
Kpidendral Orchids, Tillandsias, &c. behave in the same way in this respect; they 
also absorb neither water nor aqueous vapour through their leaves, nor even in any 
considerable quantity through the roots. The water which they require for their 
transpiration and growth must be convoyed to them in the form of rain or dew which 
moistens the root-envelope (vclamen) or wounded surfaces 4 . 

When land-plants wither on a hot day and revive again in the evening, this is the 
result of diminished transpiration with the decrease of heat and increase of the moisture 
in the air in the evening, the activity of the roots continuing — not of any absorption of 
aqueous vapour or dew through the leaves. Rain again revives withered plants not by 
penetrating the leaves, but by moistening them and thus hindering further transpiration, 
and conveying water to the roots, which they then conduct to the leaves. 

A simple experiment will afford much instruction to the student in these matters. 
The pot in which a leafy plant is growing is enclosed in a glass or metal vessel provided 


1 On this subject see my Experimental -Physiologie, p. J 59. 

2 Duchartre has neglected this obvious reflection in his researches (Bulletin dc la Soc. Bot. de 
France, Feb. 24, i860) ; in other respects also these experiments arc very defective. 

9 Duchartre, l.c. 1857, pp. 940-946. 

4 Duchartre, Experiences sur la vegetation des plantes epiphytes (Soc. Imp. et centrale d’horti* 
culture, Jan. 1856, p. 67 ; and Comptcs Rendus, 186S, vol. LXVJl. p. 77 5). [This subject has been 
recently investigated by Detmcr (Theoric des Wumldrucks, 1877), by Boussingault (Les fonctions 
physiques des feuillcs, Agronomie, VI, 1878), and by Ilenslow (On the Absorption of Rain and Dew 
l>y the green parts of plants, Journ. Linn. Soc. XVII, 1879). It appears that leaves, like all other 
parts of plants, will absorb water if they are immersed in it long enough, but there is no evidence 

that the absorption of water, either as vapour or as liquid, is in any sense one of their functions.] 
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above with a lid in two portions, and surrounding the stem so as completely to cover 
the earth in the pot. If the soil is dry the plant withers. If a bell-glass is placed over 
it the plant revives, and again withers if it is removed. This shows that the withering 
is the result of increased, the revival the result of diminished evaporation from the 
leaves when the roots convey but very little water to the plant. If cut shoots are 
allowed to wither and are then suspended in air nearly saturated with aqueous vapour, 
the leaves and younger internodes again revive, although the whole shoot continues 
to lose weight from evaporation. This phenomenon results from the water passing 
from the older parts of the stem to the younger withered parts, as must be concluded 
from Priliieux’s experiments 1 . 

Sect. 3. — Movements of Gkuses in Plants 2 . All growing cells of a plant, or 
all that are otherwise in a condition of vital activity, are continually absorbing atmo- 
spheric oxygen and giving back in its place a nearly equal volume of carbon dioxide. 
The cells which contain chlorophyll have in addition the property, under the influ- 
ence of sunlight, of absorbing carbon dioxide from without, exhaling at the same 
time a nearly equal volume of oxygen mixed with some nitrogen. In proportion to 
the activity of the chemical processes which take place within the cells, the movements 
of gases occasioned by them vary greatly in rapidity. The formation of carbon 
dioxide at the expense of the atmospheric oxygen takes place continuously and 
in all the cells; but the quantities concerned are small in proportion to the large 
amount of carbon dioxide which is decomposed in the green tissues, and in ex- 
change for which equal volumes of oxygen are exhaled. Some idea of the activity 
of this last-named process is obtained by reflecting that about one-half the (dry) 
weight of the plants consists of carbon which has been obtained by the decompo- 
sition of atmospheric carbon dioxide in tissues containing chlorophyll under the 
influence of light. 

Oxygen and nitrogen are permanent gases, as also is carbon dioxide within the 
limits of the temperature of vegetation, and indeed far below it. Aqueous vapour, 
on the contrary, is only produced from water within these limits, and under certain 
conditions even returns to the liquid state. In other respects aqueous vapour be- 
haves just like oxygen and nitrogen in reference to the processes to be considered 
here. 

When the gases with which we have to do are traversing closed cell-walls, 
diffusing themselves through the ccll-sap, or permeating or escaping from the 
protoplasm, chlorophyll-granules, &c., their motion is a molecular one of diffusion. 
When they fill in their elastic condition the intercellular spaces, vessels, cells destitute 
of sap, or the large air-cavities among the tissues, it is a movement of the whole 
mass depending exclusively on expansive force. The movements of diffusion tend 
to bring about conditions of equilibrium which depend on the coefficient of ab- 
sorption of the gas by a particular cell-fluid, on the composition of the cell-wall, 
&c. on temperature, and on the pressure of the air. But these conditions are 
continually varying; and the equilibrium which is aimed at is being still more 
continually disturbed by chemical changes on which depend the metamorphosis 

1 Prillieux, Comptes Rendus, 1870, vol. II. p. 80. 

2 Sachs, Handbuch der Experimental-Physiologie, p. 243. — Muller, Jahrb. fur wiss. Bot. 
vol. VII. p. 145. 
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of substances in the plant, assimilation, and growth ; so that a state of rest can very 
seldom occur. The ordinary condition of the gases which are diffused through the 
cells of plants is that of movement. 

But even the masses of gas found in the cavities of plants are not generally at 
rest. By the setting free or absorption of carbon dioxide or oxygen in the cells, the 
equilibrium is disturbed also in the neighbouring cavities ; and changes in the 
pressure of the air or in temperature also exert an influence. The flexions again 
of the stem and leaf-stalk produced by the wind cause compressions and dilatations of 
the gases which fill the cavities, and these again give rise to currents of gas in the 
interior. The rapidity of the movement in the cavities varies greatly in proportion 
to their size ; within the very narrow intercellular spaces of ordinary parenchyma the 
motion is slow and inconsiderable even under considerable pressure, as contrasted 
with the rapid currents which are possible in the large intercellular spaces of most 
foliage-leaves and similar organs, or in the wide air-canals of hollow stems, or in the 
lacuna? of the tissue of water-plants. 

In attempting to collect the most common phenomena into a more definite arrange- 
ment fron/ this general point of view, the following appear to be the more important 
points. 

(a) Unicellular plants, as well as those which consist merely of filaments or plates of 
cells such as occur in Algie, Fungi, and Mosses, are in immediate contact with the air or 
with the surrounding water which contains gas in solution. The only essential condition 
here is that the gases shall be able to enter and escape from the cells by diffusion. If, 
for example, a cell of this kind containing chlorophyll is placed in sunlight, the carbon 
dioxide absorbed by it is decomposed ; a fresh supply of the gas is therefore continually 
penetrating into it from without, because it is prevented from saturating the cell-sap ; 
oxygen, on the contrary, is being constantly disengaged, the cell-sap receives more than 
it can contain, and gives off the excess by outward diffusion. Under these conditions 
therefore two molecular currents are set up in opposite directions which permeate the 
cell-wall, the protoplasm, and the cell-sap; and since carbonised products are formed in 
the cell at the expense of the decomposed carbon dioxide, this decomposition is the 
simultaneous cause of fresh quantities of the gas perpetually diffusing into the cell. The 
quicker the decomposition of the carbon dioxide, the more quickly is it replaced. The 
conditions are similar in cells containing chlorophyll when in darkness and in cells 
destitute of chlorophyll, though the chemical process is different; they absorb oxygen 
and produce carbon dioxide; only the process is much slower and less active. The 
cell acts as a centre of attraction for the gas which is decomposed in it, and as a 
centre of repulsion for the gas which is produced in it. This rule holds good also for 
the individual cells of a tissue, only that in this case the processes are more complicated, 
inasmuch as the diffusion currents of the gases do not lake place between the cells and 
an unlimited external volume of gas, but between cells and cells on the one hand, 
between cells and internal air-cavities of limited size on the other hand. 

(I?) Among plants consisting of complicated aggregates of cells, submerged Water- 
plants are of peculiar interest, because their intercellular spaces do not open outwardly 
through numerous stomata, but communicate with large cavities which arc formed in the 
interior of the tissues by the disjunction of cells or by the rupture of their walls. The 
underground stems of Equ/setum and of many bog-plants show a similar structure. 
Uninjured plants of this kind are closed and air-tight outwardly; the gases which 
collect in the cavities can originate only from the surrounding tissues, which absorb 
oxygen, nitrogen, and carbon dioxide by diffusion from the surrounding water. These 
gases cannot simply diffuse through the surrounding tissues, but they undergo change 
within them, and when once collected in the spaces they are still further influenced by 
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the chemical processes that go on in the surrounding tissues. A submerged water-plant, 
for example, which contains chlorophyll, absorbs carbon dioxide from without under the 
influence of sunlight ; and at least a portion of the disengaged oxygen collects in the 
cavities. When it becomes dark this process ceases; the collected oxygen is now 
absorbed by the fluids of the tissue and gradually transformed into carbon dioxide, 
which can again diffuse back into the cavities, but partially also through the layers 
of tissue into the surrounding water. This, as well as the different coefficients of 
diffusion of the gases, causes the air contained in the cavities to have an altogether 
different composition from that in solution in the surrounding water, and this composition 
to be subject to continual change. But it is not only the chemical composition of the 
gas in the cavities that is altered in this way ; the pressure is also subject to variation. 
When the oxygen which is liberated from the green tissues collects rapidly in the cavities 
under the influence of bright light, the gas is then subject to high pressure, and escapes 
with force, injuring the surrounding layers of tissue. The greater rapidity of diffusion 
of carbon dioxide, and its slower production in the tissue in darkness, do not, on the 
other hand, allow an increase of tension of the gas to arise easily in the cavities of the 
plant when kept in the dark. 

The nitrogen of the atmosphere takes a more subordinate and secondary part in all 
these processes. It is indeed never absent from the air contained in the cavities, but is 
generally present in large quantities in it, together with oxygen and carbon dioxide. It 
is not however subject to such rapid and considerable variations, being neither used up 
nor disengaged in the changes connected with the assimilation of food in the tissues. 

(r) Land-plants differ from water-plants in that their internal cavities, when present 1 , 
communicate directly with the atmosphere through the stomata. The anatomical con- 
ditions show at once that these organs are only the channels of exit from the intercellular 
spaces which are in connection with one another through the whole plant ; and we know 
from experiment that these are in their turn in complete connection here and there 
with the cavities of the vessels and with the wood-cells 15 . The large air-cavities which 
are abundant even in land-plants (in hollow stems, leaves, fruits, See.), the woody tubes 
(or vessels) and wood-cells, and the usually extremely narrow capillary intercellular spaces 
of the parenchyma, form therefore a system of cavities full of air and in communication 
with one another, which are all closed below at the root, but which open outwardly 
above in the leaves, intcrnodcs, &c., through numberless extremely narrow capillary 
openings. 

What was said in paragraph b on the changes which take place in the air contained 
in the cavities of water-plants, applies in general also to that of land-plants; but the 
equalising of the difference in the pressure at the various parts of a large plant is 
facilitated by the occurrence of vessels, that of the difference between the internal and 
external air by the stomata. This equalisation however proceeds in general extremely 
slowly, because the stomata, in consequence of their small diameter, can allow only small 
volumes of gas to pass through them in a short time. Notwithstanding their unin- 
terrupted connection, there may therefore be considerable differences of pressure and 
great variations in the composition of the internal and external gas, as in water-plants. 
It must also not be forgotten that those layers of tissue in which a rapid interchange of 
gases is proceeding are covered with an epidermis containing a greater number of 


1 Large Fungi and Alga; have indeed no stomata; but their internal air (among the hyplue) is 
certainly in communication at least in places with the surrounding air by cavities among the super- 
ficial hyplue. The stems of Mosses possess neither internal cavities nor stomata, while their spore- 
capsules possess both. 

54 [The fact to which allusion has been made on p. 682, that namely the aii in the vessels of an 
actively transpiring plant is at a lower pressure than that of the atmosphere, proves that the cavities 
of the vessels do not communicate with the intercellular spaces. If they did so communicate, such a 
difference of pressure could not possibly arise.] 
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stomata than those which require a less active interchange in consequence of slower 
growth and assimilation. In addition to this, organs with a thin cuticle are better 
adapted to bring about interchange of gas by diffusion than those whose epidermis 
is provided with a thicker cuticle which hinders the diffusion-current. This is clearly 
the reason why roots require no stomata, since, in consequence of their slow increase in 
size and their thin-walled slightly cuticulariscd epidermis, they can accomplish the 
interchange of oxygen and carbon dioxide by diffusion alone; while the leaves, in 
consequence of their thick cuticle, require a large number of stomata in order rapidly to 
interchange large volumes of carbon dioxide with as large volumes of oxygen in sunshine. 
Even flowers and rapidly growing parasites which contain no chlorophyll possess stomata, 
though in smaller numbers, because they absorb a quantity of oxygen and exhale carbon 
dioxide. When the epidermis is replaced in the older parts of stems and roots by cork- 
periderm, the parts are not only externally impervious to air (with the exception of 
occasional fissures) in the ordinary sense, but even the interchange of gas by external 
diffusion practically ceases. But this case occurs only in those parts of plants where the 
fibro-vascular bundles form air-conducting vessels and usually also air-conducting wood- 
cells, by means of which an interchange of gas is brought about internally with that 
contained in the parenchyma enveloped by the cork. This is especially the case with 
woody Dicotyledons and Conifers. 

These considerations apply also to a great extent to aqueous vapour. The evapora- 
tion of the'* water of vegetation, resulting, as we have seen in the previous paragraph, 
in the production of currents in the plant, is almost entirely prevented by cork-periderm 
and bark, and at least very much hindered by cuticulariscd epidermal cells. Since the 
parts of plants exposed to the air are covered with one or other of these epidermal 
structures, evaporation can in general only take place to a subsidiary extent from their 
surface ; the greater part of the aqueous vapour which these parts of the plant lose is 
evidently given off from the moist cell-walls in the interior of the tissue where they 
adjoin intercellular spaces and larger air-cavities. If these spaces are saturated with 
aqueous vapour, evaporation ceases ; but if the external air is comparatively dry the 
vapour escapes through the stomata, and evaporation into the intercellular spaces re- 
commences. If the transpiring tissue is heated, as by sunshine, the formation of vapour 
proceeds more rapidly in the interior, and the greater tension of the vapour causes its 
more rapid passage through the intercellular spaces and stomata. 

The surfaces of the organs of plants which arc constantly in contact with -water 
cannot exhale aqueous vapour through such fine openings as the stomata under the 
existing conditions of temperature ; stomata are therefore wanting in submerged plants, 
or occur only occasionally. The leaves, for instance, of Water-Lilies, which float on 
the water, are especially instructive in this respect; on the side in contact with the 
water they have no stomata or very few, on the upper side exposed to the air a large 
number. This is the more striking since leaves entirely exposed to the air have generally 
a larger number of stomata on the under than on the upper side, where they are some- 
times entirely wanting. 
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Sect. 4. — The Elementary Constituents of the Pood of Plants 1 . If we 
dry at a temperature of 1 oo° or 1 1 o° C. any fresh vegetable structure so as to expel all 
the water which it contains, a friable residue will be left which no longer loses weight. 
In ripe seeds this usually amounts to about £ of the weight ; in seedlings after the 
supply of reserve-material has been consumed, to generally less than -£ 0 , increasing 
in subsequent stages of vegetation to J or ^ ; in submerged water-plants and 
Fungi it often amounts to less than ^ and sometimes even to only ^ 0 . These 
proportions, which are only roughly estimated, vary within wide limits according to 
the nature and age of the plant and of the particular organ. 

If the dried residue of the plant is further exposed to a red heat in the 
presence of oxygen, by far the greater part of it is consumed and disappears in 
the form of products of combustion, chiefly carbon dioxide and aqueous vapour. 
The residue which now remains behind, usually a fine white powder, is the Ash, 
constituting generally only a small percentage of the dried substance, a proportion 
which is again subject to great variations with the specific nature of the plant and 
the kind and age of the particular organ. 

Chemical analysis of the combustible part of the dried substance shows that it 
consists in all plants of Carbon, Hydrogen, Oxygen, Nitrogen, and Sulphur; the 
latter remains behind after combustion in the form of sulphuric acid in combination 
with the bases of the ash. 

In the ash are invariably found in addition Potassium, Calcium, Magnesium, 
Iron, and Phosphorus, and generally Sodium (Lithium?), Manganese, Silicon, and 
Chlorine ; in marine plants also Iodine and Bromine. With these constituents 
there are sometimes associated, in rare cases and under special circumstances, 
very small quantities of Aluminium, Copper, Zinc, Cobalt, Nickel, Strontium, and 
Barium. The presence of very small quantities of Fluorine in plants is also 
inferred from the presence of calcium fluoride in the bones of animals which obtain 
the whole of their food directly or indirectly from plants. 

1 For a preliminary acquaintance with the very copious literature, my Handbuch dcr Experi- 
mental- Physiologic* (Sects. 5 and 6) will be sufficient. A study of Th. de Saussure’s Recherches 
chimiques sur la vegetation, Paris 1804, is also indispensable to any one who wishes to form an 
independent judgment for himself. A detailed description of the theory of nutrition is contained in, 
among other works, Mayer’s Lchrbruch der Agriculturchemie, 1876. A variety of fundamental 
researches will also be found in Boussingault’s Agronomie et Physiologic ve'getale. E. Wolffs 
Aschenanalysc fur landwirthschaftliche Prod. &c., Berlin 1871, is also very valuable; as well as 
his Vegetationsversuche in wasscrigen Losungen ihrer NahrstofTe (Ilohcnhcimer Jubilaumsschrift, 
1862). 
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It is self-evident that we have only to consider as elementary food-substances 
those which are indispensably necessary for the process of nutrition ; while those the 
presence of which in the plant is proved by analysis, but which may also be absent 
without its nutrition being impaired, may be considered as accidental admixtures. 

Of the first importance among the indispensable food-materials are the ele- 
ments of the combustible substance which are present in all plants without 
exception, viz. Carbon, Hydrogen, Oxygen, Nitrogen, and Sulphur ; because they are 
included in the chemical formula of cellulose or of the albuminoids which con- 
stitute protoplasm, and because therefore without these substances the plant-cell 
itself could not exist. It may be inferred also from the invariable presence of 
Potassium, Calcium, Magnesium, Iron, and Phosphorus in plants, that they are 
indispensable constituents of their food, and still more from the fact established 
by actual experiment, that the nutrition and growth of all plants hitherto ex- 
amined for this purpose is impossible or abnormal if any one of these elements is 
wanting. In the case of Sodium, Manganese, and Silicon this has not yet been 
proved ; it would appear rather that they may be dispensed with in the chemical 
process of nutrition. That Chlorine is necessary for the perfect nutrition of 
Polygonum Fgigopyrum has been shown by Nobbe 1 . Whether Iodine and Bromine 
play the part of true food-materials in the marine plants in which they are found 
has not yet been ascertained ; and these two elements may, from the mode of their 
occurrence, be for the present neglected as unimportant in this respect. 

In the more general considerations as to the nutrition of plants we have there- 
fore chiefly to do with the following elements : — 

Carbon, Hydrogen, Oxygen, Nitrogen, Sulphur ; 

Potassium, Calcium, Magnesium, Iron ; 

Phosphorus, Chlorine ; 

to which are to be added, under certain circumstances, Sodium and Silicon. 

The physiological importance of these elementary substances is however very 
different. Those placed in the first line compose, as already mentioned, the greater 
part of the substance of the plant ; they mainly form the organised and organisable 
part of the plant and of every individual cell ; their importance therefore lies in the 
fact that they furnish the chief materials for the construction of the plant. The 
constituents of the ash, on the other hand, are of less importance in this respect, 
if only in consequence of their much smaller quantity; they appear to promote 
chemical decompositions and combinations in plants, in consequence of which the 
far more abundant combustible principles are constructed out of the first-named five 
elements. 

Carbon is a necessary constituent of every organic compound in varying proportion; 
usually about one-half the weight of the entire dried substance of the plant consists 
of this element. If the large quantity of vegetable matter which is annually produced 
is taken into account, the fact becomes the more remarkable that this enormous 
quantity of carbon is derived from the carbon dioxide of the atmosphere of which 
it forms on the average only about 0*04 per cent. It is only the cells which contain 
chlorophyll — and these only under the influence of sunlight — that have the power of 


1 Landwirthscliaftliche Versuchs&tationen, vol. VII, 1865. 
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decomposing the carbon dioxide taken up by them, and at the same time of setting 
free an equal volume of oxygen, in order to produce organic compounds out of 
the elements of carbon dioxide and water, or in other words to assimilate. It is 
very probable that under these circumstances carbon dioxide loses only one-half its 
oxygen, while the other half of the oxygen which is exhaled is derived from the 
decomposition of water. 

The fact is unquestionable — partly established by direct researches on vege- 
tation, partly inferred from the circumstances under which many plants live in a 
natural condition — that most plants which contain chlorophyll (e.g. our cereal crops, 
Beans, Tobacco, Sunflower, many saxicolous Lichens, Algse, and other water plants) 
obtain the entire quantity of their carbon by the decomposition of atmospheric 
carbon dioxide 1 , and require for their nutrition no other compound of carbon from 
wiLhout. But there are also plants which possess no chlorophyll and in which there- 
fore the means of decomposing carbon dioxide is wanting ; these must absorb the 
carbon necessary for their constitution in the form of other compounds. But since 
plants destitute of chlorophyll are either parasites or saprophytes, they absorb their 
carbon in the form of organic compounds which have been produced by other 
plants that contain chlorophyll. Parasites draw these products of assimilation 
directly from their hosts, while saprophytes (as Neoilia Nidus-avis , Epipogium 
G me l ini , Corallorhiza innata , Monolropa , many Fungi, &c.) make use for the 
same purpose of the materials of other plants which arc already in a state of 
decomposition. Even the food of Fungi which are parasitic in and on animals 
is derived from the products of assimilation of plants containing chlorophyll, 
inasmuch as the whole animal kingdom is dependent on them for its nutrition. 
The compound of carbon originally present on the earth is the dioxide, and the 
only abundantly active cause of its decomposition and of the combination of 
carbon with the elements of water is the cell containing chlorophyll. Hence all 
compounds of carbon of this kind, whether found in plants or in animals or in 
the products of their decomposition, arc derived directly or indirectly from the 
organs of plants which contain chlorophyll. 

Hydrogen is present, equally with carbon, in every organic compound; in 
consequence however of the smallness of its combining equivalent, it falls far 
below it as a percentage constituent of the weight of the dried substance of 
plants. As has olrcady been mentioned, the hydrogen of the plant is probably 
derived from the decomposition of water in cells containing chlorophyll in the 
presence of sunlight. It probably enters into combination with the carbonic 
oxide (CO) simultaneously presented to it by the reduction of the carbon dioxide 2 . 

1 [From the researches of Moll it appears that the roots take no part in supplying the plant 
with carbonic dioxide (Moll, Die Herkuuft dcs Kohlenstoffs der Pflanzcn, Arb. d. bot. Inst, in 
Wurzburg, II. i, 1878).] 

a [The abstract of Adolph Baeyer’s paper on the Chemistry ot Vegetable Life in Journ. Chem. 
Soc. 1871, pp. 331 34T, should l>e consulted. It is shown to be probable that chlorophyll lixes 
carbon oxide just as haemoglobin does. W^hen sunlight falls upon chlorophyll which is suriounded 
by carbon dioxide, that compound seems to suffer the same dissociation as at high temperatures, 
oxygen is liberated and carbon oxide remains combined with the chlorophyll. The simplest reduction 
of carbonic oxide is to formic aldehyde; it need only take up hydrogen, CO + II 2 = COII 3 , and under 
the influence of the cell -contents, just as by the action of alkalies (which Butlcrow has shown to be 
the case), the aldehyde is transformed into sugar.] 
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Only a very small portion of the hydrogen contained in the nitrogenous vegetable 
substances can be supplied to the plant in the form of ammonia. 

Oxygen is always present in organic compounds in smaller quantities than 
would be sufficient to oxidise the hydrogen and carbon present in them into 
water and carbon dioxide, because organic compounds are produced from carbon 
dioxide and water with the elimination of a part of their oxygen. The proportion 
of oxygen in vegetable substances is moreover very variable; and some even contain 
none at all of this element. But the total quantity of oxygen forms, next to carbon, 
the largest proportion of the weight of the dried substance. Oxygen is intro- 
duced into the plant in the form of water, carbon dioxide, and oxy-salts, in larger 
quantities than any other element ; while extraordinarily large quantities of oxygen 
are set free into the air by the process of assimilation in the green organs. All the 
other organs of the plant also absorb atmospheric oxygen, and thus slowly re- 
produce carbon dioxide and water at the expense of the assimilated substances. 
Together with the process of deoxidation which is very active in the cells containing 
chlorophyll, another process of oxidation is proceeding comparable to that of the 
respiration of, animals, but not generally very active, by which a part of the assimi- 
lated substance is again decomposed. 

Nitrogen , an essential constituent of the albuminoids which form protoplasm, of 
vegetable alkaloids, and of asparagine, always forms only a small fraction of the 
weight of the dried substance of plants, — often less than 1, seldom more than 
3 p. c. The nitrogen contained in the chemical compounds just mentioned is 
obtained from compounds of ammonia and nitric acid 1 ; parasites and saprophytes 
perhaps also absorb organic nitrogen-compounds from without. It is on the other 
hand certain from a great number of experiments on vegetation, especially those of 
Boussingault, that plants have no power of using the free nitrogen of the atmosphere 
for the production of their nitrogenous compounds 2 3 . If plants are artificially sup- 
plied with all other food-materials, but it is rendered impossible for them to absorb 
ammonia or compounds of nitric acid as their source of nitrogen, no increase takes 
place of the albuminoids or of the nitrogenous substances generally, although the 
nitrogen of the atmosphere is at the command of the plant in such great quantities, 
filling up the intercellular spaces and diffusing through the fluids of the tissue \ 

Sulphur , a constituent of albuminoids, of allyl, and of the essential oil of 
mustard, is taken up in the form of soluble salts of sulphuric acid, and chiefly 

1 [Although plants containing chlorophyll usually absorb their nitrogen in the form of ammonia 
or nitrates, they can nevertheless absoib it also in the form of organic compounds such as urea, 
leucin, tyrosin, creatin, hippuiie acid, and similar bodies; they cannot absorb it in the form of 
alkaloids.] 

u [The important researches of I.awes, Gilbert, and Pugh on the sources of the nitrogen of 
vegetation (Phil. Trans. 1861, pt. 2, and Journ. Chcm. Soc. 1863, p. 100) should be carefully studied 
on this point.] 

3 [Adolf Mayer has recently carried out a number of experiments to determine whether the 
aerial parts of plants have the power of absorbing ammonia or not. Preventing access of ammonia 
through the roots, he subjected the leaves to the influence of ammonium carbonate both in the 
gaseous and dissolved state, and found that if was absorbed in appreciable quantities, although 
the plants did not appear to thrive when access of ammonia through the roots was entirely 
prevented. Similar results have also been obtained by T. Sehloesing (see Comptes Rendus, vol. 
LXXVIII. p. 1700).] 
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(or perhaps always) of calcium sulphate. This salt is probably, as Holzner first 
pointed out l , decomposed by the oxalic acid which is formed in the plant itself, and 
the insoluble calcium oxalate is thus formed, while the sulphuric acid parts with its 
sulphur to form the organic compounds which have been mentioned. 

Iron 2 (often accompanied by very variable quantities of Manganese) is indis- 
pensable for the production of the green colouring substance of chlorophyll, as is 
shown by experiments on vegetation ; and since the green organs which contain 
chlorophyll form organic substances out of water and carbon dioxide, the 
importance of this element for the life of the plant is very evident, although 
extraordinarily small quantities of it are sufficient for this purpose. It may be taken 
up by the plant in the form of the chloride or sulphate or of some other 
compound. If larger quantities of solutions of iron become distributed through 
the tissues, the cells quickly die. Although small quantities of iron are essential 
for producing the green colour of chlorophyll, it is nevertheless uncertain whether 
the green colouring substance itself contains iron as an integral constituent of its 
chemical formula 3 . 

Potassium is as essential for the assimilating activity of chlorophyll as iron for 
its production. Nobbe 4 has recently shown that if food-materials otherwise com- 
plete but possessing no potassium are supplied to plants (as Buckwheat), they 
behave as if they were absorbing only pure water instead of the solution of food- 
material. They do not assimilate and show no increase in weight, because no 
starch can be formed in the grains of chlorophyll without the assistance of 
potassium. The chloride is the most efficacious form in which potassium can 
be offered to Buckwheat ; the nitrate comes next to it. If the potassium is offered 
only in the form of sulphate or phosphate, a very evident sickliness is apparent 
sooner or later, which results from the starch which is formed in the grains of chloro- 
phyll not passing into the growing organs and thus becoming available for purposes 
of vegetation. Sodium and Lithium cannot replace potassium physiologically, be- 
cause the former is simply useless to the plant, while the presence of the latter in 
the cell-sap is injurious to the tissues. 

Phosphorus , Chlorine , Sodium , Calcium , and Magnesium have, as far as is yet 
known, no definite relation to special physiological purposes. The constant occur- 
rence however of compounds of phosphoric acid in company with albuminoids, as 
well as of potassium salts in organs containing starch and sugar, points towards 
definite relations which they may possess to those chemical processes that imme- 
diately precede the processes of construction in plants. A large part of the calcium 
taken up by plants is, as has been mentioned, precipitated by oxalic acid, and 
remains inactive. The importance of calcium must therefore be sought partly in 
its serving as a vehicle for sulphuric and phosphoric acid in the absorption of 


1 Holzner, Ueber die Bedeutung des oxalsauren Kalkes, Flora, 1867. — Ililgers, Jahrb. fur wiss. 
Bot. vol. VI. p. 1. 

a For special proof of the importance of iron see my Handbuch der Experimental-rhysiologie, 
p. 143. 

8 [On the chemical composition of chlorophyll, see infra.] 

4 Nobbe, Schroder, and Erdmann, Ueber die Organische Lefstung des Kaliums in der 
Chemnitz, 1871. 
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food-material, and partly in its fixing the oxalic acid which is poisonous to the 
plant, and rendering it harmless. The elements just named are taken up by the 
plant when they are offered to it in the form of phosphates, sulphates, nitrates, or 
chlorides. 

Silicon finally is taken up by a very large number of plants in the form of a 
very dilute aqueous solution of silicic acid ; by some in larger quantities than all the 
other constituents of the ash. By far the larger part of the silicic acid passes into 
the insoluble state within the cell-walls, and remains behind after the destruction 
of its organic substance together with calcium (magnesium and potassium ?) as a 
skeleton possessing the structure of the cell-wall. In land-plants it accumulates 
chiefly, though not exclusively, in the tissues exposed to evaporation, and espe- 
cially in the cuticularised walls of the epidermis. In Diatoms, the cell-wall of which 
is very strongly silicified, this arrangement of course does not exist. Since it is 
possible to cause, by artificial feeding, plants which usually contain abundance of 
silica (like Maize) to grow almost entirely without it, and without any obvious 
departure from their normal structure, silicic acid appears to be of very subor- 
dinate importance for the chemical and organic processes; and its deposition in 
the cell-walls does not take place to any great extent until they are already fully 
developed. 

The compounds serving as food-material must he subject within the tissues to pro- 
gressive changes of position in addition to and in consequence of their chemical trans- 
formations. The equilibrium of diffusion is disturbed by the decomposition of a salt ; 
immediately round the spot where this takes place the fluid of the tissue contains tewer 
molecules of the compound ; and the more distant molecules of the same salt in a 
state of solution move therefore towards the spot where they are wanted. Every cell 
therefore which decomposes any particular salt acts as a centre of attraction upon the 
fluids of the tissue surrounding it, and the salt in question is drawn towards this 
centre. But this process does not affect any other salt dissolved in the same fluid. 
If, for example, calcium sulphate is decomposed in a cell and crystals of calcium oxalate 
formed, this itself supplies a cause for the more distant molecules of sulphate to be 
drawn towards that cell ; but it affords no reason for the molecules of potassium nitrate 
which are also present to move in the same direction. Every substance dissolved in 
the cell-sap is set in motion only in so far as the equilibrium of diffusion and the uniform 
distribution of its own molecules is disturbed. It follows therefore clearly that there 
can be in general no such thing as a continuous uniform motion of a so-called ‘ nutritive 
sap/ It is only when a number of compounds which supply food-material are taken up 
at one spot such as the root, and are decomposed at another spot such as the buds or 
green leaves, that the direction of movement is nearly the same for all ; but even in this 
case the rapidity with which the molecules of each particular salt move will vary, because 
this depends on the rapidity of consumption at the point towards which the movement 
is directed, and on the special rate of diffusion of each compound. It is only when some 
external pressure drives the whole of the cell-sap in one direction that the motion of 
different substances is uniform, provided that the fluid moves in open channels such as 
the laticiferous vessels or sieve-tubes ; but if the pressure causes filtration through closed 
cell-walls, then the molecules of different salts are urged forward with a different speed, 
because the rapidity of filtration of different solutions varies with their composition and 
degree of concentration. 

The same principles hold good also for the absorption of combinations of food- 
material from without into the absorbing organ. It has already been shown in the 
previous paragraph how the decomposition of carbon dioxide in a cell containing chloro- 
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phyll induces new quantities of the dioxide at once to enter this cell, whether the gas 
be at the time dissolved in water or present in the atmosphere. If no carbon dioxide 
were decomposed in the cell, its contents would become saturated with the gas in 
proportion to the pressure and the temperature, and every cause for further motion 
would be removed. But the decomposition is constantly providing more space for the 
entrance of fresh molecules of carbon dioxide ; and this gas, although present in such 
small quantities in the atmosphere, collects here and supplies the material for the pro- 
duction of compact masses of carbon-compounds. 

A water-plant acts in the same manner on the salts dissolved in the surrounding 
water. The external water and the internal cell-sap arc in continuous connection 
through the fluid saturating the cell- walls. If the chemical processes within the plant 
are supposed to be at rest, an equilibrium of diffusion will tend to become established 
between the external and internal fluid according to the prevailing conditions. But 
the chemical process in the interior are continually disturbing this equilibrium, and 
molecules of the salts which are being decomposed are continually streaming from 
without to the places in the interior where they arc to be used. If molecules of 
calcium phosphate are even very sparingly distributed through the surrounding water, 
a dense accumulation will gradually arise in the plant, not of calcium phosphate, but of 
some other compounds of phosphoric acid and of calcium, because the molecular equi- 
librium is being continually disturbed by the separation of the phosphoric acid from 
the calcium, that is, by the chemical change. If the calcium phosphate remained 
as such within the plant, the movement would cease so soon as the equilibrium of 
diffusion was established. It will be at once clear from a consideration of these 
facts that the accumulation of certain substances in the interior of plants depends in 
the first place on whether the compound of them which is present in the surrounding 
water is decomposed in the plant ; that moreover the constituents of the different 
compounds must accumulate in the plant in different quantities according to the extent 
to which these compounds arc decomposed ; and that finally the relative quantities of 
the substances in question within the plant need not bear any resemblance to those of 
the substances present in the surrounding water. Substances which are present in the 
water in the form of extremely dilute solutions occur in the plant in great quantities; 
while others which arc abundant in the water are much less so in the plant. Thus, 
for instance, marine plants take up a much larger quantity of potassium and a smaller 
quantity of sodium than corresponds to the composition of sca-water ; again, species 
of Fucus collect considerable quantities of iodine which is present in sea-water only 
in extremely small quantities. Since moreover different plants decompose the same 
compounds with different degrees of rapidity, it is obvious that different plants which 
draw their food-materials from the same water must exhibit an entirely different com- 
position of their ash. 

The processes are more complicated when a land-plant has to take up the saline 
compounds of its food-material from the soil which contains but little water. By 
far the greater number of land-plants thrive in soil which usually contains a quantity 
of water much below its full capacity of absorption, its pores being almost entirely 
filled with air. The small quantity of water present adheres completely to the minute 
particles of soil, and for this reason does not flow away ; and this adherent water 
covers the surface of the particles of earth in the form of a fine stratum. The roots 
can only absorb this water when they are in the closest contact with the particles 
of soil ; hence plants freshly planted wither even in moderately moist ground until a 
sufficiently large number of particles of earth become attached by means of new root- 
hairs to the newly-formed rootlets. At these points of intimate connection between 
the root-hairs and the soil the adhering water of the latter is directly continuous with 
the cell-sap of the root by means of the water saturating the cell-walls of the root- 
hairs. In this manner it is possible for the root to absorb the water of the soil; as 
this water enters at the points of contact, the equilibrium of the strata of water that 
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cover contiguous particles of earth is disturbed, and the water of the soil retained by 
capillary attraction is set in motion towards these points of contact. This process 
spreads centrifugally from every root, and thus gradually makes the most distant 
parts of the soil subserve the nutrition of the plant. If salts, such as calcium 
sulphate, are present in solution in the enveloping strata of water, these salts follow 
the movements of the water, and finally enter at the points of contact with the root- 
hairs. 

But a large portion of the food-material, especially compounds of ammonia, po- 
tassium, and phosphoric acid, occur in the ground in a fixed condition, or, as it is 
generally termed, absorbed; they cannot *be extracted from the soil even by very large 
quantities of water ; the roots nevertheless take them up out of it with ease. It may 
be supposed in these cases that these food-materials occur as an extremely fine coating 
over the particles of soil, and can therefore only be taken up at the points of contact 
of the root-hairs with these particles; and they are there r^fdered soluble by the 
carbon dioxide exhaled by the roots. This action of the root is limited to the points 
of contact ; only those particles of substance which come directly into contact with 
the root-hairs are dissolved and absorbed. But since the number and length of the 
roots is very considerable in all growing land-plants, and since also they are continually 
lengthening and forming new root-hairs, the root-system comes gradually into contact 
with innumerable particles of earth, and can thus take up the necessary quantity of the 
substance in question. This power of the roots ol taking up, by means of the acid sap 
which permeates the walls of even their superficial cells, substances which are insoluble 
in pure water, presents itself in an extremely evident manner, as I was the first to show, 
when polished plates of marble, dolomite, or osteolitc (calcium phosphate) are covered 
with sand to the depth of a few inches, and seeds are then sown in the sand. The roots 
which strike downwards soon meet the polished surface of the mineral and grow upon 
and in close contact with it. After a few days an impression of the root -system is found 
corroded in rough lines on the smooth surface; every root has dissolved at the points of 
contact a small portion of the mineral by means of the acid water which permeates its 
outer cell- walls 1 2 . 

In taking up those constituents of the soil which are insoluble in pure water, the 
solution is therefore first of ail accomplished by the plant itself; and it is at the point 
where solution takes place at the surface of the root that absorption inwards is also 
effected by endosmose. But in spite of this complication the same principles hold 
good for the absorption of material from the soil as have been explained in the case 
of absorption from a solution. Here also it is the consumption, the decomposition 
of the compounds in the plant, that regulates the absorption of the material. The 
quantitative composition of the ash has therefore no resemblance to that of the soil; 
and the ash of plants of different kinds growing side by side and deriving their nutri- 
ment from the same soil may be altogether different ' l . But the composition of the 
soil is important to the plant in a secondary degree ; since plants of the same kind, if 
they grow for example on a soil rich in lime, will take up a greater quantity of lime 
than if the soil contained but little of it. This is obviously not in contradiction to the 
principle laid down, but only shows that the decomposition of a salt in the plant will 
take place more largely the more easily it is enabled to take it up. 


1 For a more detailed account see the Handbook of Kxperimcntal Physiology, 1865, p. 

189. 

2 [Messrs. Lawes and Gilbert's long series of experiments on this subject are of especial value. 
(See Journ. Roy. Agric. Soc. vol. VIII. p. 496 et seq., 1847 ; Journ. Chem. Soc. vol. X. p. I, 1857 ; 
Report Brit. Assoc. 1861 and 1867.) Their latest publication, ‘Report of Experiments on the growth 
of Barley for twenty years in succession on the same land ’ (Journ. Roy. Agric. Soc., second series, 
vol. IX) contains much information as to the power possessed by plants of extracting different 
substances from the soil.] 
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Sect. 5. — Assimilation and Metastasis (Stoffwechsel) \ The food-materials 
absorbed by the plant are, with a few exceptions, compounds of oxygen containing 
the highest possible proportion of that element. The assimilated substances, on 
the contrary, which form the greater part of the dried substance contain but 
little oxygen, some even none at all. It follows frdm this that assimilation must 
be a process of deoxidation. The transformation of food-materials containing a 
large proportion into the substance of plants containing but little oxygen must 
necessarily be accompanied by elimination of that element ; and since wc already 
know that this takes place only in cells containing chlorophyll and under the in- 
fluence of sunlight, we have at once the locality, the conditions, and the time of 
the assimilation thus determined. No organs which are destitute of chlorophyll 
can assimilate ; and in the dark or when the amount of light is small, even those 
assimilating organs which contain chlorophyll lose the power of producing organic 
substances out of water and carbon dioxide with the assistance of other food- 
materials, — a process to which we shall henceforward exclusively apply the term 
A ssimilation. 

The products of assimilation of the cells containing chlorophyll may undergo 
various kinds of chemical metamorphosis cither in these cells themselves or after 
passing into other organs ; and the aggregate of these processes may be distin- 
guished from assimilation as Metastasis. It is important to bear clearly in mind the 
difference between these two processes, both in respect to their external conditions 
and to their results, the following being the chief points: — (1) Assimilation takes 
place only in those organs that contain chlorophyll ; metastasis in all alike. (2) 
Assimilation occurs only under the influence of light ; metastasis equally well in the 
dark. (3) Assimilation is necessarily accompanied by . the elimination of a large 
quantity of oxygen ; metastasis is usually connected with the absorption of small 
quantities of oxygen and the exhalation of small quantities of carbon dioxide. 
(4) Assimilation increases the dry weight of a plant ; metastasis only alters the 
nature of the assimilated materials, and these usually suffer a diminution of their 
mass, the destruction of a part of the assimilated organic compounds being neces- 
sarily associated with the inhalation of oxygen and exhalation of carbon dioxide 
necessary for metastasis. (5) The increase in weight of a plant which contains 
chlorophyll depends on the accession of assimilated substance in the organs that 
contain the chlorophyll being greater during the time that they are exposed to 
light than the loss in the dry weight connected with the exhalation of carbon 
dioxide accompanying metastasis in all the organs and at all times of vegetation. 
(6) Organs containing no chlorophyll and plants entirely destitute of it (parasites and 
saprophytes) do not assimilate but absorb substances already assimilated ; no pro- 
cess takes place in them except metastasis; and since this is associated with in- 
halation of oxygen and exhalation of carbon dioxide, they decrease the entire store 
of assimilated substances. 

Growth, i. e . the formation and enlargement of cells, always takes place at 
the expense of substances already assimilated ; and these therefore must be subject 
to continual chemical change. 

1 Sec Sachs, Handbuch der Experimental-Physiologic, the section on the Transformati >n 
of Food-material. 
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Growth is only possible as a result of assimilation ; but the two processes 
do not usually concur cither in time or locality. The assimilated substances may 
remain in the plant for a longer or shorter time without becoming employed in 
the growth of cell-walls or in the production of protoplasmic substances 
(protoplasm or chlorophyll -granules) ; and in this case they are termed Reserve- 
materials . Every cell, tissue, or organ in which assimilated substances are stored 
up for subsequent use is called a Reservoir of Reserve-material. The assimilating 
cell may itself serve as a reservoir for reserve-material (as unicellular Algce or the 
leaves of evergreen plants) ; but usually a physiological division of labour is 
effected in the plant of such a nature as to transfer the products of assimi- 
lation from the organs that contain chlorophyll to other organs or masses of 
tissue which serve as reservoirs of the reserve-material and give it up to the 
parts destined for the formation of new organs (buds, the rudiments of roots, or 
cambium). In Mosses, Vascular Cryptogams, and woody Phanerogams, the tissue 
of the stem is usually also the reservoir for this purpose ; in perennial herbs and 
shrubs it is more often the persistent bulbs, tubers, and rhizomes that perform 
this functidn. The spores of Cryptogams which have the power of germination 
always contain a small quantity of reserve-material, at the expense of which the 
first processes of germination take place ; in Rhizocarpeae and Ligulatx the whole 
of the prothallium and embryo is produced in this manner. The seeds of Phanero- 
gams remove much greater quantities of reserve-material from the mother-plant, 
which are accumulated either in the endosperm or in the cotyledons ; the greater 
the quantity of this reserve-material the more numerous and the larger are the stems, 
roots, and leaves which the seedling can produce before it begins to assimilate. 
The minute seedlings, for instance, of Nicotiana and Campanula may be contrasted 
with the strong ones of the Bean, Almond, Oak, &c. Since no assimilation takes 
place in the dark, it is only necessary to allow seeds, tubers, bulbs, rhizomes, &c. 
to germinate and dcvelope in the dark in order to form an idea of the number 
and size of the organs which can be formed from the reserve-material. 

Since the organs of assimilation which contain chlorophyll are usually at a 
distance from the reservoirs of reserve-material and from the growing buds and 
roots, the products of assimilation have to be conveyed to the localities where 
they are required and where they are temporarily deposited. Growth and the 
deposition of reserve-material are therefore necessarily associated with corre- 
sponding movements of the products of assimilation and of those undergoing 
metastasis. 

All these statements may be proved without any more accurate knowledge of 
the substances themselves which are produced by assimilation in the cells that 
contain chlorophyll and which undergo metastasis. But before entering on this 
question, we may first of all discuss the other : — whether all the products of me- 
tastasis are immediately applicable to the building up of new organs ; and if not, 
what substances furnish the material for the production of cell-walls, protoplasm, 
and chlorophyll-granules. Among the extraordinarily large number of the pro- 
ducts of metastasis which are proved by chemical analysis to exist in various plants, 
there is a comparatively small number of substances the behaviour of which in 
the growth of the organs and whose universal distribution through the vegetable 
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kingdom clearly show that they furnish the material for the growth of cell-walls 
and of other organised structures. These substances may be termed, without 
reference to their chemical nature, Formative Materials . Starch, the different kinds 
of sugar, inulin, and the fats must be considered the formative materials of the 
cell-wall ; the albuminoids the formative materials of protoplasm and of the chlo- 
rophyll-granules. 

Among the remaining products of metastasis aTe some which stand in genetic 
relation to the production of sugar; the glucosides, to which also belong certain 
tannin-substances. Asparagin is formed at the expense of the albuminoids con- 
tained in the reservoirs of reserve-materials, and is afterwards again used in the 
formation of albuminoids in the young organs. 

All those organic compounds may be termed Degradation-Products which are 
produced by subsequent change in the substance of the organised structures of 
plants, and which have no further use in the building up of new cell-walls or proto- 
plasmic structures. Thus bassorin is a degradation-product of cell-walls, as also is 
the mucilage of quince and linseed ; the substances which cause ligniftcation, suber- 
isation, or cuticularisation are also probably the result of a partial degradation of 
the cellulose of the cell-walls. A residue of the protoplasm of older parenchy- 
matous cells often remains until they entirely die away, and may also be considered 
a degradation-product. In the same manner a small residue of the chlorophyll- 
granules of leaves which die in the autumn remains over in the form of minute yellow 
granules which have no further use. The red and yellow granules also which 
cause the colour of ripe fruits and of the antheridia of Characcze and Mosses result 
from the degradation of chlorophyll-granules, and have no further physiologico- 
chemical use. 

Those substances may be termed Secondary Products of Metastasis which are 
formed during this process, but have no further use in the building up of new 
cells, remaining inactive at the place where they are produced. Thus in the 
germination of many seeds (the Date, Ricinus , Phaseolus , Fab a, &c.) tannin-like 
compounds are formed in particular cells, and in many cases red colouring sub- 
stances which, without undergoing any perceptible change, remain in these cells, 
while the rest of the substances of the seedling go through the most various chemical 
transformations and changes of place in the course of its growth. The same is the 
case with the essential oils in the glands of leaves, of caoutchouc in the laticiferous 
vessels, of resin and resin-forming substances in the resin-passages, and of the 
gummy compounds contained in the gum- passages of many plants. In this category 
may also be included the greater number of vegetable acids and many alkaloids. 
No interpretation has yet been given of the function of these substances in the 
internal economy of the plant; in the case of calcium oxalate Holzner’s theory 
has already been mentioned that it is formed as a secondary product when the 
sulphuric acid combined with the calcium is replaced by oxalic acid ; and that the 
free sulphuric acid then undergoes various further decompositions, while the base 
of the salt remains unused and inactive in combination with the oxalic acid pro- 
duced as a secondary product, as calcium oxalate in the crystalline form. Among 
colouring substances no relation to the chemical processes which proceed in the 
plant has been traced except in the case of the green colouring substance of chloro- 
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phyll ; it is only in the presence of this substance that elimination of oxygen, 
and therefore assimilation, can take place. In the case of a long series of other 
substances, many colouring matters, acids, alkaloids, wax, tannin, pectinaceous sub- 
stances, &c., no relation to the other processes of metastasis is known, nor any 
physiological signification which they possess in the life of the plant. 

In some cases substances which have ceased to take part in the processes of 
growth and of metastasis are nevertheless important or even indispensable for other 
purposes of vegetation. Of this class are the saccharine juices secreted by nec- 
taries, which are of service to the plant only so far as they attract insects which thus 
bring about the conveyance of the pollen to the stigma. For a similar purpose a 
portion of the tissue of the anthers of Orchids is transformed into a viscid glutinous 
substance by which the pollinia become attached to the proboscis of insects. Thus 
again the sapid and nutritious substances which constitute the pericarps of some 
fruits are of no direct use for the growth of the seeds, hut cause their dissemi- 
nation by animals which feed on the fruits and thus disperse the seeds. 

We mu£t now again turn, after this preliminary explanation of the various parts 
played by the products of metastasis in the life of the plant, to the most important 
group of organic compounds, those which have been distinguished above as form- 
ative materials. 

The determination whether any chemical compound belongs to the class of 
formative materials of the cell-wall and protoplasmic substances depends on its 
behaviour during growth, on its chemical composition, on its appearance and dis- 
appearance in growing cells and tissues, and on its chemical relations to other 
substances, especially to cellulose and to protoplasmic substances. Spores, seeds, 
bulbs, tubers, rhizomes, the persistent parts of woody plants, and other reservoirs 
of reserve-material, always contain chemical compounds belonging to two different 
groups. On the one hand nitrogenous substances are always present in the form 
of albuminoids (often several different ones as in the grains of cereals) which 
scarcely differ chemically from protoplasm, and when contained in the succulent 
reservoirs of reserve-materials preserve even the form of protoplasm. From this 
similarity, and still more when the migration and other relations of these sub- 
stances are kept in view, the conclusion must be drawn that we have in them 
the material for the formation of protoplasm in the newly-formed organs. Or* 
the other hand all these reservoirs of reserve-material contain one or more non-, 
nitrogenous substances belonging to the series of carbo-hydrates and oils. In 
seeds and spores there is generally a great deal of oily matter and little or no 
starch ; but many seeds contain on the other hand a great deal of starch with but 
little oily matter. In tubers, many bulbs, rhizomes, and stems, there is usually much 
starch stored up with but little oily matter ; while in some tubers (as the Dahlia, Arti- 
choke, Sec.), the starch is replaced by inulin; in the bulbs of Allium Cepa by a sub- 
stance resembling grape-sugar ; in the root of the Beet by crystal lisable cane-sugar. 
Small admixtures of oily matter appear to be never absent, and in some cases, 
especially in many seeds, this alone is present without any carbo-hydrate (as the 
Almond, Gourd, Castor-oil plant, See.). 

Together with albuminoids, carbo-hydrates, and oils, a variety of other com r 
pounds may also occur in the reservoirs of reserve-material; but the limitation of 
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substances of this kind to particular species of plants shows that they are not 
of the same significance as the former. They may be of great importance for 
the growth of the species; but more accurate knowledge is still wanted in all 
cases. 

Since seeds, tubers, and other parts of plants that are filled with reserve -material 
can be made to unfold buds, to put out roots, and even to form flowers and the 
rudiments of fruits by supplying them with pure water and oxygenated air when the 
conditions for assimilation (chlorophyll and sunlight) are absent, it follows that the 
substances stored up in these reservoirs furnish the material for the growth of the 
new leaves, roots, and flowers. The reservoirs are therefore emptied in proportion 
as the growth of the new organs progresses ; and when finally they become com- 
pletely empty, all further growth ceases, if sunlight and chlorophyll do not cooperate 
to produce new formative material by assimilation. It is moreover easy to follow the 
reserve-materials by means of micro chemical reactions in their course from the 
reservoirs through the conducting tissues to the growing organs, and to recognise 
their relation to the growth of particular tissues. A close study leads first of all to 
the conclusion that the albuminoids contained in the reservoirs of reserve-material 
reappear as such in the protoplasm of the newly-formed organs, having, independ- 
ently of temporary qualitative changes, only altered their position. On the other 
hand it shows that the oily matter and the carbo-hydrates which had accumulated in 
the reservoirs finally entirely disappear as such or leave only a small residue (oil) ; 
while in their place a mass of new cell-walls is formed which were not in existence 
before ; and the material for the construction of these can only have been derived, 
under the given conditions, from the carbo-hydrates, or, when these are absent, from 
the oily matter which has now disappeared. If we thus come to the conclusion that 
starch, sugar, inulin, and oil arc the substances from which are formed the cell-walls 
of plants, at all events in so far as they are nourished from a reservoir of reserve- 
material, it by no men ns follows from this that the whole of the store is used up 
entirely in the production of cellulose ; on the contrary a variety of other substances 
are formed during growth, such as vegetable acids, tannin, colouring-matters, &c., 
which arc probably also derived from the same non-nitrogenous reserve-materials. 
A part of the non-nitrogenous substance is also entirely destroyed and converted into 
carbon dioxide and water, a process which may cause a loss of 40 or even 50 per 
cent, of 4 he weight of the organic substance of those seeds which germinate in the 
dark. 

If the reserve-materials stored up in different seeds, tubers, bulbs, &c. are 
compared, it is seen that starch, the various kinds of sugar, inulin, and oil, are 
of the same physiological value with regard to their most important purpose, viz. 
the formation of new organs ; inasmuch as these substances can replace one another. 
Thus the cell- walls of the embryo of Allium Cepa aVe formed at the expense of 
the oily matter of the endosperm ; but the cell-walls of the leaves and roots which 
grow from the bulbs evidently obtain their formative material from the glucose-like 
substance which fills the bulb-scales in a state of solution. In the Beet cane- 
sugar is stored up for the same purpose, inulin in the tubers of the Dahlia, and 
starch in the tubers of the Potato, the bulbs of the Tulip, &c. ; and these are 
subsequently consumed. But in most seeds all these carbo-hydrates are replaced 
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by oily matter ; and it cannot be doubted that this furnishes the material for the 
growth of the cell-walls when the new organs arc being formed. 

To the series of these substances of the same physiological value belongs 
finally cellulose itself, which may also be deposited in considerable quantities as a 
reserve-material, as in the endosperm of the Date, the greater part of the hard kernel 
of which consists of cellulose in the form of the pitted thickening masses of the 
cell-walls. These are dissolved during germination, and the products of their solu- 
tion conveyed to the growing parts of the embryo, where they finally supply the 
material for the growth of the new cell-walls. 

If on the other hand the substances which occur in dormant seeds, bulbs, 
tubers, and other reservoirs of reserve-material, are compared with those which are 
found in the conducting tissues and growing organs of seedlings and young roots — 
which we already know must necessarily be produced from the former, because there 
is no other material which can produce them — it is «scen that these reserve-materials 
must undergo repeated Metamorphosis while they are being conveyed to the growing 
organs and a^e being consumed in the process of growth, and before the permanent 
form of cellulose has been attained. Thus sugar and starch are found temporarily 
in all oily seeds during germination, and are often accumulated in great quantities, 
disappearing when germination is completed. In proportion as they are formed the 
amount of the original oil decreases ; and in proportion as they again disappear the 
quantity of cellulose in the cell-walls increases. In other cases starch is conveyed 
from reservoirs of reserve-material to the growing organs, sugar being at the same 
time formed 1 ; and fine-grained starch is again temporarily formed in the growing 
tissues themselves, disappearing once more with the growth of the cell-walls. This 
temporary formation of starch in the growing tissues themselves is an extremely 
common phenomenon, whether the reservoirs of reserve-material were filled with 
oily matter, inulin, sugar, starch, or cellulose. This transitory starch appears in the 
cells of the parenchyma and epidermis of young organs (only rarely in those of the 
fibro- vascular bundles) after they have become differentiated from the primary meri- 
stem ; and disappear when the final elongation of the organs is completed, generally 
becoming transformed into sugar (glucose), which in its turn speedily disappears. 

Transitory metamorphoses also take place when the albuminoids stored up in 
the reservoirs of reserve-materials are being transported and consumed 2 ; although 
these metamorphoses cannot be followed by micro-chemical observations, as in the 

1 [The conversion of starch into sugar is effected by means of unorganised ferments; some of 
these ha\ e long been known, such as Fmulsin (in Almonds), Diastase (in Barley), Myrosin (in Black 
Mustard seeds). More recently they have been detected in various plants and parts of plants by 
Kossmann (Journ. Pharm. Chem. (4) 22) and by Krauch (Landwirthsch. Versuchsstat. 23). Von 
Gorup-Bet»anez has found ferments of this kind in the germinating seeds of Vetches, Hemp and Flax, 
which have also a peptic action (see infra).'] 

2 [The first stage in the metamorphosis of the reserve-proteids is, doubtless, their conversion 
into peptones, into proteid substances, that is, which are readily soluble in water and which diffuse 
rapidly. This is effected by the action of unorganised ferments. These bodies have been found in 
geiminating seeds (v. Gorup-Besanez and Will) and in the secretion of ‘carnivorous' plants such as 
Nepenthes , Dro^era, and Darlingtonia. Recently a very active peptic ferment has l>een found in the 
green fruits of Carica Papaya (Wiiitz and Bouchet, Le Papain, Comptcs rendus, tom. 89, 90, and 91). 

A good resume of our knowledge on the action and distribution of unorganised ferments in plants 
is given in the second edition (1882) of Husemannks Pfianzenstoffe, I. p. 237.] 
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case of the oils and carbo-hydrates. Thus a portion of the casein in the cotyledons 
of Leguminosae passes over into albumin during germination ; the insoluble proteids 
in the endosperm of Wheat are dissolved and carried up into the seedling plant. 
The albuminoids contained in seeds appear to be subject during germination to still 
more complete decompositions. The asparagin which occurs temporarily in parts 
of the embryo can only be formed by partial decomposition of the albuminoids l . 
It appears however that these products of the decomposition of the albuminoids 
under the influence of the energetic oxidation which takes place in the germinating 
seed are used in the formation of albuminoids in the growing parts of the embryo. 

The preceding remarks refer to the processes of growth which are associated 
with the consumption of the substances stored up in the reservoirs of reserve- 
material. If those plants are now examined in a similar manner whose reserve food- 
material has been consumed, whose green leaves have begun to assimilate under the 
influence of light, and which are forming the substances necessary for the growth 
of their buds, roots, &c., the same substances are found similarly distributed through 
the conducting tissues of the internodes and the petioles and veins of the leaves as 
far as the buds and apices of the roots, and subject to the same metamorphoses as 
in the seedlings. It follows that the assimilating organs which contain chlorophyll 
perform the same function for the growing parts of the mature plant that the reser- 
voirs of reserve-material do for the seedling ; but with this difference, that the former 
produce the formative materials afresh, while in the latter they arc not formed but 
only stored up. 

The organic compounds originally formed in the cells containing chlorophyll 
by the decomposition of carbon dioxide and water under the influence of light are 
generally carbo-hydrates. The most common of these is starch ; sugar occurs less 
often ; oily matter perhaps occasionally. It has been shown (p. 46) that the starch 
which so commonly occurs in the chlorophyll-granules of plants that vegetate under 
normal conditions can only be produced when the plant is subject to the well- 
known conditions of assimilation, i. e. when it decomposes carbon dioxide and water 
under the influence of sunlight. Seedlings which have completely exhausted their 
supply of reserve-materials by growth in the dark, and are afterwards exposed to the 
action of light, do not till then devclope their chlorophyll. The first grains of starch 
which are found a little later in the plant are those enclosed in the chlorophyll- 
granules, and arc at first small, but gradually grow larger. It is only afterwards that 
starch is found also in the conducting tissues of the internodes and leaf-stalks up to 
the buds, which then begin to grow anew. It has been shown further that this 
starch which is formed in the chlorophyll-granules disappears in the dark ; i. c. be- 
comes dissolved and transferred to the conducting tissues. In Allium Cepa the 
chlorophyll forms no starch ; but a substance similar to grape-sugar is found in 
large quantities in the green leaves, and is distributed through all the tissues of the 
plant : it is still uncertain whether or not mannite is formed in a similar manner in 
the leaves of the Olive. Where drops of oil are found in the chlorophyll, they appear 

1 According to Hosxus, ammonia is also formed during germination ; and Borscow maintains 
that ammonia is set free during the vegetation of Fungi (Melanges biol. tires du Bullet, de l'Acad. 
imp. des Sci. Nat. IVtersbourg, vol. VII, 1868). This is however denied by Wolf and Zimrnermann 
(Bot. Zeitg. 1871, nos. 18, 19). For a further account of Asparagin see the appendix to this section. 
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to be formed at the expense of the starch which has been produced there ; this con* 
elusion being derived especially from the observation of what takes place in Spirogyra 
and Cere us 1 . 

The result of tracing by micro-chemical observation the products of assimi- 
lation in the conducting tissues leads once more to the conclusion that the starch 
which is formed in the cells containing chlorophyll is subject to a Variety of 
chemical metamorphoses before it reaches the growing tissues and the reservoirs of 
reserve-material. Even during the period of vegetation the substances which are 
conducted to the young parenchyma of growing parts, as soon as this has been 
differentiated from the primary tissue, give rise to the formation of fine-grained 
starch which accumulates there temporarily, and disappears with the final and rapid 
increase in size of the cells. Starch and other substances are then produced afresh 
by assimilation in the fully developed leaves ; and starch and the products of its 
transformation again appear in the conducting tissues, not to be consumed there, 
but only to be conducted to the still younger parts. The metamorphoses of the 
formative materials which are conveyed from the assimilating organs to the re- 
servoirs of reserve-material, generally show a reversed order of succession to that 
which takes place during germination ; the starch produced in the leaves is trans- 
formed in the leaf-stalks of growing Beet into glucose, from which crystallisable 
cane-sugar is formed in the swollen tuberous roots ; in the Artichoke the starch is 
converted into inulin which is conducted through the stem to the underground 
tubers ; in the Potato, the mature leaves of which form starch, a substance similar 
to glucose is chiclly found in the conducting tissues, which is conveyed to the 
growing tubers, and there evidently forms the material from which the large 
masses of starch are formed. In ripening fruits and seeds a large quantity of 
glucose is generally found which disappears from the seeds when they become ripe, 
starch being formed in these reservoirs of reserve-material ; in JR u inus the oil of the 
endosperm is evidently formed at the expense of the saccharine substance which is 
conveyed to the seed; in the embryo of the same plant, as well as in that of Cruci- 
fers, fine-grained starch is formed temporarily, which disappears when the seeds are 
ripe, and is replaced by oily matter. 

Whether the albuminoids also are first formed in the assimilating cells which 
contain chlorophyll and whether they can be formed only in them is still an unde- 
cided point. It is certain that they arc formed in the chlorophyll-containing cells of 
Algae ; but it cannot be concluded from this that they can only be produced in the 
corresponding cells of plants with differentiated tissues ; at all events experiments 
on the artificial production of the yeast-fungus show that it is able to form out 
of sugar and an ammonium-salt (with the assistance of the constituents of the 
ash) not only cellulose but also albuminoids, as may be inferred from the increase 


1 [Briosi states (Hot. Zeilg. 1873) that starch-grains are never found in the chlorophyll-granules 
of Mu id and Strelitzia, but that drops of oil aie present instead. His observations have been shown 
to he erroneous by von llolle and Godlewski (Mora, 1877). Pringshcim (Ucb. Lichtwirkung und 
Chlorophyllfunction, Jahrb. f. wiss. Hot. XII, iSSo) enumerates a number of plants in which oil 
is present, and not starch, in the chlorophyll-granules; Vauckeria sessilis , Selaginella, Cyan, Stratiotes 
divide ' , Lilium Marta gon, Olea europ<na. Begonia. He is of opinion that the first product of 
assimilation us a waxy substance to which he gives the name of lly[ocklorin .] 
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of the protoplasm in the rapidly multiplying cells. If the colourless cells of yeast 
are able to do this, it may be inferred, until the contrary is proved, that those cells 
of other plants which do not contain chlorophyll can also produce albuminoids, if 
only a carbo-hydrate or oil (or both) is conveyed to them from the leaves, and an 
ammonium-salt or a nitrate from the roots. That the formation of albuminoids 
probably takes place in this way within the conducting tissues of internodes and 
petioles may be concluded from the deposition of calcium oxalate in these tissues ; 
since in the formation of this salt sulphuric acid becomes separated from the calcium, 
and its sulphur enters into the chemical formula of albuminoids \ 

When the cells of the leaves become emptied of their contents at the close 
of the period of vegetation, and the deciduous parts die off, not only the last portion 
of starch which was formed in the latter, but also the material of the chlorophyll- 
granules, is itself absorbed and conveyed through the leaf-stalks to the reservoirs of 
jeserve-material ; all the serviceable substances contained in the leaves become in- 
corporated in the permanent organs. The leaves change colour ; a small quantity 
of very small shining yellow granules usually remain behind in the cells of the 
mesophyll as a residue of the absorbed chlorophyll-granules ; and the leaves which 
are emptied in the autumn are therefore yellow. If they are red. this is in con- 
sequence of a red sap which fills the cells in addition to the chlorophyll-granules-. 
Enormous quantities of crystals of calcium oxalate often remain behind in the 
deciduous leaves ; the constituents of the ash which are serviceable to the plant, 
especially phosphoric acid and potash, are conveyed witli the starch and the proto- 
plasmic substances to the persisting parts ; so that the falling leaves thus consist 
only of a skeleton of cell-walls and of the subsidiary products of metastasis which 
are of no value to the plant. 

The direction of the Transport of the assimilated substances in the plant is 
determined by the fact that it must take place from the assimilating organs to 
the growing parts and to the reservoirs of reserve-material; while at the com- 
mencement of every new period of vegetation its direction must be from these 
reservoirs to the growing organs ; and since new organs are usually formed above 
as well as below these reservoirs and the assimilating leaves, it is obvious that 
the movements of the assimilated substances must take place at the same time in 
opposite directions. 

The Conducting Tissue for the transport of the formative materials consists, 
in plants with differentiated systems of tissue, of the parenchyma and the thin- 
walled cells of the phloStn of the fibro-vascular bundles. By the parenchyma of 
the fundamental tissue, which always has an acid reaction, arc conveyed the 
carbo-hydrates and oils; by the soft bast, the albuminoids which have an alkaline 
reaction. Small starch-grains often occur, as Briosi has recently shown, in the pro- 
toplasm of the sieve-tubes; I had already pointed out that this accompanied the 
absorption from the leaves in the autumn as well as very rapid growth 3 . Where 

* See Sachs, ITandbuch der Experimental-Physiologic, p. 345. 

a [On the colouring matter of the leaves in autumn, see Sorby, Quart. Journ. of Science, 1871, 
p. 64; and 1873, p. 2 15.] 

8 Briosi, Bot. Zeitg. 1873. It is by no means certain that the occurrence of small quantities of 
staich in the sieve-tubes demunstiated by Ihiosi, and the possibility of their passage throigh the 
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there are laticiferous vessels, they furnish an open communication between all the 
organs of the plant ; they contain albuminoids, carbo-hydrates, and oils, as well as 
the secondary products of metastasis, as caoutchouc and poisonous substances, the 
occurrence of which does not affect the significance here attributed to the laticiferous 
vessels ; the occurrence of products of decomposition in the blood does not prevent 
us from regarding the blood-vessels as organs which serve to transport nutritious sub- 
stances ’. 

The mode of motion of the assimilated substances is usually molecular; i.e. 
it is a movement of diffusion, especially where the transport takes place through 
closed cells. The pressure caused by the tension and turgescence of the tissues 
has in addition a tendency to propel the fluids in the direction of least resistance, 
which is also that in which they are consumed. In the system of communicating 
sieve-tubes and laticiferous vessels the movement of the substances is necessarily 
one of the entire mass, caused by inequalities of pressure, and by the distortions 
and curvatures which the wind produces. 

As far as concerns the movements of diffusion, it is a general rule that 
every cell whith decomposes any substance, renders it insoluble, or uses it for its 
growth, acts upon the dissolved molecules of this substance in the neighbourhood 
as a centre of attraction ; the molecules stream to the parts where they are wanted 
because the molecular equilibrium of the solution is disturbed by its consumption. 
On the other hand every cell which produces a new soluble compound acts on 
the dissolved molecules as a centre of repulsion, because the continually increasing 
concentration occasions at the point of production a streaming of the molecules 
away from it towards the point of less concentration, the concentration continually 
decreasing towards the points where the substances are consumed. When the move- 
ment of diffusion is caused by the production and consumption of definite compounds 
of this nature, the proximate cause of the molecular movement of the dissolved sub- 
stances must be the chemical processes involved in their metamorphoses. These 
metamorphoses take place, as we have seen, not only at the points where the sub- 
stances are consumed in the process of growth, but also in the conducting tissues ; 
and this production of transitory compounds must therefore favour movement 
towards the points of deposition and of growth. The formation of insoluble 
starch is in this sense a fact of peculiar importance. If for instance the starch 
produced in the leaves of the Potato is required to be transported to the tubers, 
it must necessarily be conveyed in a soluble form, and we find such a substance 
in the conducting tissues of the stem, namely, glucose. But if this glucose had to 
undergo no further change in the tubers, a solution of glucose of constantly in- 
creasing concentration would be uniformly distributed through the conducting 


pores of the sieves, warrants the view that the sieve-tubes are conducting organs for starch in the 
same sense that they arc for albuminoids. These small quantities of starch may pass into the sieve- 
tubes from the neighbouring parenchyma, to be used there, in young organs, as plastic material, or, in 
older organs, to take part in the formation of albuminoids. It may be that these substances arc 
formed in the sieve-tubes out of carbo-hydrates and nitrogenous compounds, calcic sulphate being 
decomposed and a formation of crystals of calcic oxalate taking place in the cells surrounding 
the phloem. 

1 See also Faivre, Sur le latex du murier blanc; Ann. d. Sci. Nat. ser. V. t. 10. 
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tissues and the tubers ; and the accumulation of the whole of the reserve-material 
in the tubers would be impossible. The glucose is used up in the tubers in the 
formation of starch-grains ; and a fresh quantity therefore continually streams in 
that direction ; the whole mass of the material produced in the leaves is therefore 
gradually transferred to these reservoirs of reserve-material. The starch is first 
transformed into glucose, and then back into starch; and it is in this chemical 
process that the vehicle for the movement consists. Starch is even produced tem- 
porarily in the conducting parenchyma, but of course cannot be transported as such 
from cell to cell ; its movement being effected by the solution of grains in one cell, 
the product of solution diffusing into the adjoining cell, and being there employed 
in the formation of starch-grains which are then again dissolved, and so on. When 
again cane-sugar is formed in the tuberous roots of the Beet, the movement towards 
the root of the glucose which is produced from the starch assimilated in the chloro- 
phyll is brought about in this way, — every particle of glucose undergoes chemical 
transformation when it reaches the root, and the molecular equilibrium of the 
solution of glucose is thus disturbed ; the root acting as a centre of attraction on 
the glucose in the leaf-stalks. But the continual formation of the solution of 
glucose in the leaves at the expense of the starch causes in them an increase 
of concentration and a streaming of molecules towards the root, where the con- 
centration of the solution of glucose is continually decreasing, while that of the 
solution of cane-sugar increases. The same is evidently the interpretation of 
the formation of inulin in the tuberous roots of the Dahlia and the tubers of the 
Artichoke, and of that of oil in ripening seeds at the expense of the sugar which is 
conveyed to them. 

I infer the co operation in the movement towards the parts where the substances 
arc chemically altered, of the pressure exercised on the cell-sap by the tension of the 
tissues, even where we have to do with closed cells, from the fact that considerable 
quantities of the cell-sap appear on the surface of a transverse section of succulent 
organs, both from the parenchyma and from the cambiform cells, and this is clearly 
forced up by internal pressure. Since the tension and turgescence of the tissue are 
always less in the buds and apices of the roots than in the older parts, there must 
always be a tendency for the filtration of the sap towards the latter, which must act 
in the same way as diffusion. 

That the contents of the perforated sieve-tubes and laticiferous vessels are 
also subject to considerable pressure from the surrounding tissue is shown by 
the extent to which these fluids flow out when the organ is cut through. The 
fluid which is subject to pressure will have a tendency to escape from these tubes 
to parts of the plant where the lateral pressure is less, which is the case in the 
buds and apices of the roots. The flexions and distortions occasioned in the 
organ by the wind will at the same time cause the* fluid contents of the sieve- 
tubes and laticiferous vessels to be pressed away from the older bent parts towards 
the buds where the tension is less. 

The statements here compressed into a very brief space rest on a series of detailed 
micro-chemical and experimental researches which I have described in the Botanische 
Zcitung, 1859 and 1862-1865; Pringsheim’s Jahrbiicher fiir wissenschaftlichc Botanik, 
vol. III. p. 183 etJeq .; Flora, 1862, pp. 129 and 289, and 1863, pp. 33 and 193; and have 



7 H CHEMICAL PROCESSES IN THE PLANT. 

presented in a connected form in the section on the Transformation of Food-materials in 
my Handbook of Experimental Physiology l . The reader will there find the reasons for 
the views here given ; and a few examples will now be sufficient to render somewhat 
clearer the general statements with regard to metastasis and the migration of the assim- 
ilated substances. In the outset it must be stated that by grape-sugar or simply sugar 
I understand a substance soluble in the cell-sap, easily reducing copper oxide, and 
readily soluble in strong alcohol, although it may not always exactly correspond to the 
grape-sugar of chemists, a point which is of but little importance for our present 
purpose. 

i. The parenchyma of the bulb-scales of the Tulip — /. e. the four or five thick 
colourless leaves which serve as reservoirs of reserve material —contains, as long as the 
plant is dormant, in addition to considerable quantities of albuminous substances, a very 
large quantity of coarse-grained starch. The presence of sugar cannot be determined 
at this time by micro-chemical processes. As soon as the bud of the leaf- and flower- 
stem which is concealed within the bulb, but which had already been formed with all 
the parts of the flower during the previous summer, begins to elongate in February, 
and roots make their appearance from the base of the bulb, small quantities of sugar 
are found with the starch in the parenchyma of the bulb-scales. The whole of the 
parenchyma rfnd of the epidermis of the leafy stem, of the young foliage-leaves, of 
the perianth, of the stamens, and of the carpels, becomes filled with fme-grained starch, 
the substance of which has already been derived from the bulb-scales, where the starch- 
grains have become transformed into sugar, which diffuses into the growing organs, and 
there, as far as it is not directly consumed, again supplies material for the formation of 
starch-grains. 

Together with its consumption in the growth, at first slow, of the cell-walls, this 
temporary re-formation of starch at the expense of that contained in the bulb-scales 
continues at first in the young internodes, leaves, and flowers. The cells enlarge and 
become continually more filled up with fine-grained starch till the time wheti the bud 
comes above ground (Fig. 470). Then follows the rapid extension of the stem; the 
leaves expand, and the flower unfolds. With the considerable and rapid increase in 
size of the cells accompanying this unfolding, the fine-grained starch disappears in all 
these parts, sugar being temporarily produced which furnishes the material for the 
growth of the cell- wall. When all the parts above ground are fully unfolded, the cells, 
although much larger, are now devoid of starch. The corresponding loss which the 
bulb-scales have experienced up to this time is clearly seen from the decrease of their 
starch-grains ; they may be found in all stages of absorption. The turgesccncc of the 
bulb-scales at the same time decreases, and they become wrinkled; but the formation 
of sugar in them still continues at the expense ol the starch, even when the parts above 
ground have already done growing. The starch stored up in the bulb-scales finds in 
fact still another use; while the flower-stalk is extending, the bud in the axil of the 
uppermost bulb-scale begins to dcvelope rapidly (it had already been formed in the 
previous summer) ; its cataphyllary leaves swell and become filled with starch ; and 
the residue of the starch not consumed in the growth of the fiower-stalk is transported 
from the scales of the mother-bulb through its base into the young bulb (Fig. 470, 2). 
These scales become gradually entirely emptied of starch, and while the green foliage- 
leaves exposed to light are assimilating and contributing their share to the growth of 
the new bulb, they finally wither and dry up from the simultaneous loss of water and 
of assimilated matters. The scales of the mother-bulb form thin brown membranes 


1 The researches of Schroder (Jahib. fin wiss. Bot. vol. VJI. p. 261), Soraucr, Siewert, Hurst ell, 
&c. (collected in Hoffmann and Peters’ Annual Kcpoit on the Progress of Agricultural Chemistry 
for 1868 and 1869, Berlin 1871) contain fresh confirmations of the account here given. [See also Pe 
Vries, On the Germination and Growth of Seeds, 1 ubers, and Roots of cultivated Plants (Clover, 
Potato, Beetroot) in Lanclwiilltsch. Jahihiicher, vols. (\ K, 1877 79 ] 
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which serve to protect the new bulb ; the inflorescence subsequently dies down. The 
reserve-materials which accumulate in the daughter-bulbs are partly derived from those 
of the mother-bulb; but are completed by the products of assimilation of the green 
leaves of the flower-stalk. When the flower-stalk has also died down, nothing remains 
of the whole plant but the bud which has developed into a new bulb. For a time it 
does not put out any new organs, but is apparently dormant ; but in the interior the 
end of the stem continues to grow slowly, and produces new rudiments of leaves and the 
flower-bud for the next year ; when the process now described is repeated. 

So far we have only pointed out the rela- 


tion of the starch and of the sugar produced 
from it to the growth of the plant ; there are 
formed however along with it, and probably 
likewise at the expense of these carbo-hydrates, 
other substances, such as the colouring matter 
of flowers, the oil in the pollen-grains, &e. 
The albuminoids at first contained in the bulb- 
scales become transported to a distance from 
them, and furnish the mateiial for the forma- 
tion of the protoplasm in the young cells of 
the growing flower-stalk ; a large part is evi- 
dently employed in producing the chlorophyll- 
granules in the foliage-leaves as they become 
green. Their function is now to produce at 
least as much formative material by assimila- 
tion as is required to build up the transitory 
inflorescence and to supply the bulb. 

2. The ripe seed of Rici tins communis con- 
tains a very small embryo in the middle of 
a very large endosperm ; neither contains 
starch, sugar, nor any other carbo-hydrate, 
if wc exclude the very small amount in weight 
of the cellulose of the thin cell-walls. The 
reserve food-material consists of a great quan- 
tity of oil (as much as 60 per cent.) and albu- 
minoids, the admixture and composition of 
which have already been described on p. 53. 
The very small quantity of these substances 
contained in the embryo would only sullice 
for the first and very inconsiderable develop- 
ment of the seedling; its enormous increase 
in size during germination must therefore 
be attributed almost entirely to the sub- 
stances deposited in the endosperm. The 
endosperm of Ricinus enlarges very consider- 
ably, as Mohl first showed, during gerniina- 



Fl(. 470— I.cmjptiulmal soctinn tluoii^h a tfcrnnnutmj* 
bulb of Tultpa pr,?u'\ • It the brown cm eloping nicinbr.ino, 
£ the flattened stem ulm h form, the b.isc of the bulb and 
bears the bulb scales t/r ; si the elongated purl of the stem 
which bears the fnli.up-dcdvcs /' l\ and terminates in the 
flower; r the ovary,/ perianth, a anthers ; ? a lateral bulb 
in the axil of the youngest bud si ale, whu li develops into 
the bud of next year’s bulb ; n> the routs wlm h spring from 
the fibro-vast ular bundles of the base of the bulb. 


tion, and the material required for its growth 


must therefore be diverted from the embryo. The two thin broad cotyledons remain 
in the endosperm, with their surfaces in contact with one another, long after the 
root and the hypocotyledonary part of the stem have emerged from the seed ; they 
are in contact by their backs with the tissue of the endosperm which surrounds 
them on all sides, and absorb the reserve-materials from it, while they keep pace 
slowly with its enlargement. When the parts of the seedling have increased very 
considerably and the root has developed a number of lateral roots, the hypocoty- 
ledonary portion of the stem elongates so that the cotyledons arc drawn out of the 
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endosperm which is then completely emptied and reduced to a thin membranous sac. 
They now rise above the ground, become expanded to the light where they continue 
to grow rapidly and become green, and serve from this period as the first assimilating 
organs. 

In this case, as in the germination of all oily seeds, sugar and starch are produced 
here in the parenchyma of every growing part, disappearing from them only when the 
growth of the masses of tissue concerned has been completed. Since the endosperm 
grows also independently, starch and sugar arc, in accordance with the general rule, 
temporarily produced in it. The cotyledons apparently absorb the oil as such out of 
the endosperm, whence it is distributed into the parenchyma of the hypocotyledonary 
portion of the stem and of the root, serving in the growing tissues as material for the 
formation of starch and sugar, which on their part are only precursors in the pro- 
duction of cellulose. In these processes of growth tannin is also formed which is of 
no further use, but remains in isolated cells, where it collects apparently unchanged 



rir, 47 r -Rtrntt/s tfiwmutnt ; l longitudinal set tion of the ripe vttl; // j<*ri»in.itln? seed with the < nfylrriwi!. still 
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until germination is completed. It can scarcely be doubted that the material for the 
formation of this tannin is also derived from the oil of the endosperm, although perhaps 
only after a series of metamorphoses. The absorption of oxygen, which is an essential 
accompaniment of every process of growth and especially of germination, has in this 
case, as in that of all oily seeds, an additional significance, inasmuch as the formation of 
carbo-hydrates at the expense of the oil involves the appropriation of oxygen. 

Since the metamorphoses of material proceed pari passu with the growth of the 
separate parts, the distribution of the products of metastasis through the tissues is 
continually changing, and can only be understood by a consideration of all the sur- 
rounding circumstances. The micro-chemical investigation of seedlings in the state 
represented in l r ig. 471 //, gives, for instance, the following result: — in the endo- 
sperm is found a great deal of oil and a little starch, with sugar at the outside; the 
epidermis and parenchyma of the slowly growing cotyledons are filled with drops of 
oil ; a large number of the epidermal cells contain tannin ; starch-granules are found 
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only in the parenchyma of the leaf-veins; the parenchyma of the hypocotyledonary 
portion of the stem, which is at present growing the most rapidly, contains only 
comparatively little oil but much starch and sugar ; and a number of the cells of the 
epidermis and parenchyma are filled with tannin. The primary root has first of all 
completed its growth in length and thickness (after germination it begins afresh) ; in 
its lower part it contains neither starch nor sugar (the former is present in the root- 
cap) ; in its upper part from which the lateral roots spring and in the lateral roots 
themselves sugar is still present, which is conveyed into the growing apices of the 
latter. When the hypocotyledonary portion of the stem has subsequently become 
vertical and has temporarily ceased to grow/ the oil, starch, and sugar have almost 
entirely disappeared from it, and in their place the cell-walls have become thick, and 
the vessels and first cells of the wood and bast are already thickened. After the stem 
of the young plant has become upright, the cotyledons expand and grow rapidly, and the 
remainder of the oil which they had taken up from the endosperm now also disap- 
pears from them together with the starch and sugar. The seedling has now entered 
on a state in which the non-nitrogcnous reserve-materials arc consumed ; a framework 
of large and solid cell-walls is produced in their place ; and a quantity of tannin remains 
behind in some of the cells as a secondary product, as well as various other substances 
not present in the seed. 

The albuminoids which form so peculiar and intimate a mixture with the oil in the 
ripe seed, and which arc partially contained in the aleurone-grains of the endosperm in 
the form of crystalloids, are, during the processes which have been described, transferred 
to the embryo, where they produce the protoplasm. During the whole of the period 
of germination the cells of the fibro-vascular bundles are found to be densely filled with 
albuminous substances, subsequently only those of the phloem; these substances are 
evidently in motion toward the apices of the roots where new cells are continually 
being formed. Every young rudiment of a lateral root behaves to reagents as an 
accumulation of albuminous substance on the side of the fibro-vascular bundles of the 
primary root. But a very considerable portion of this material remains in the upper 
part of the stem of the seedling where new leaves arc formed, and a still larger portion 
in the cotyledons themselves, where it furnishes the material for the formation of the 
numerous chlorophyll-granules. 

After the consumption of the reserve-material at the end of the period of germi- 
nation, the cells— with the exception of the youngest parts of the buds and the apices 
of the roots — arc destitute of any formative material; although it has grown to a 
large size and contains a great quantity of water, the dried weight of the plant is 
very small and even less than that of the seed, because a portion of the substance 
has been destroyed in the process of respiration. But active organs have been formed 
from the earlier inactive store of material ; the roots absorb water and dissolved food- 
material ; the green cotyledons begin to assimilate ; they produce starch in their chlo- 
rophyll; and the same substance is subsequently found .also in the parenchyma of the 
petioles and in the stem as far as the bud, the young leaves of which grow from the 
products of the assimilation of the chlorophyll. At first the unfolding of new leaves 
and the increase in length and thickness of the stem and roots are very slow ; but the 
capacity for work possessed by the plant increases with every freshly developed leaf and 
every new absorbing root ; on each successive day it can produce a larger quantity 
of formative material than on any preceding one, and thus the rate of growth also 
increases. 

If a Castor-oil plant is examined at the time when vegetation is most active, when 
the green leaves supply the material for metastasis in all the organs, starch is found 
in their chlorophyll-granules and distributes itself from them through the parenchyma 
of the veins and petioles downwards into the stem as far as the root, and upwards 
to the young leaves which are not yet in a condition to assimilate. The excess which 
is not immediately required for the purposes of growth becomes deposited in the pith 
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and medullary rays, where (this is not the case in the chlorophyll) it is always accom- 
panied by sugar ; and it is evidently this latter substance which brings about the diffusion 
from cell to cell, and at the same time furnishes the material for the formation of new 
starch-grains. The sugar is the migratory product which takes part in the diffusion ; 
the starch-grains aie the temporarily stationary product. 

The distribution of starch and sugar shows moreover that they move from the 
primary stem through the rachis of the inflorescence and the pedicels into the paren- 
chymatous tissues, and penetrate into the young tissue of the flower, the growing fruit, 
and the ovules, there to be employed in the production of cellulose. The distributed 
starch collects more abundantly, especially in the immediate neighbourhood of those 
layers of cells which afterwards form the hard endocarp and the solid testa of the seed, 
in consequence of its being required here in greater quantity, disappearing also from 
them after the complete development of these layers of tissue. 

The sugar and starch are conveyed through the funiculus to the ovules; they are 
distributed through the integuments and the parts surrounding the nucellus; and a large 
quantity of sugar enters the growing endosperm, which supplies the material for the 
formation of the oil which gradually accumulates, while fresh supplies of sugar are 
constantly entering from without. In the growing embryo the cells are filled at a 
certain period with fine-grained starch, which then entirely disappears and is replaced 
by oil. All this indicates that the oil of the ripe seed of Ricinus is produced from the 
starch and sugar which were transported to it from the assimilating organs during the 
period of ripening; and even the hard woody pericarp and the testa obtain their for- 
mative material from those substances. The albuminoids which collect also in the 
young leaves and from which the chlorophyll -granules arc formed, as well as that 
portion of these substances which accumulates in the seed as reserve food-material, 
are transported from the stem by the sieve-tubes and the cainbiform cells of the fibro- 
vascular bundles. 

3. In the Leguminosa* 1 a very important part in the transport of the reserve proteid 
substances is played by Asparagin, To demonstrate this, moderately thin sections are 
placed in alcohol, and the saturation assisted by shaking. 'J his mode is however applic- 
able only when the asparagin is abundant ; when it is present in small quantities it can 
still be demonstrated by placing a thin cover-glass on the sections, and running in under- 
neath a little absolute alcohol. In this case the asparagin crystallises out round the 
section; while in the former case it is precipitated in the cells in the form of crystals. 
These can easily be recognised; they are comparatively large, and cannot be mistaken 
for other crystals which are formed in all plants on treatment with alcohol, even where 
no asparagin is present, since these — which belong to various salts, among others to 
nitrates — always remain very small and have an entirely different appearance. 

I.uptnus luteus is a good object for examination, and possesses the great advantage 
that we have in its case an analytical investigation of Beyer’s 54 in which the organic 
constituents and especially the asparagin have been quantitatively determined in the root, 
hypocotyledonary portion of the stem, and cotyledons, at two stages of germination, the 
last shortly before the cotyledons have thrown off the testa. 

The migration of the non-nitrogenous reserve-materials takes place in the usual 
manner. Starch is first of all formed in the hypocotyledonary portion and root, then 
disappears and remains only in the endoderm, the rest being transformed into sugar. 


1 What follows is taken from a letter from Dr. Pfcffer. (Compare Book I. Sect. 8. p. 51 ; also 
Jahrb. fur wiss. Bot. VIII. p 429 et ,seq.) 

fit must not be thought, however, that this substance is confined to this group of plants, for it 
is very widely distributed, nor is it the only substance of this kind, for leucine and tyrosine have also 
been detected in germinating seeds.] 

a l.andwiith'.cliaflliche Yersuchsstationen, vol. JX. 
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Asparagin is first found in the hypocotyledonary portion and root when they are about 
10 mm. long, but then rapidly increases in quantity while these parts elongate ; and it is 
now found also in the petiole of the cotyledons, and in the cotyledons themselves before 
they have become green and thrown off their testa, especially in their lower part. The 
conditions remain the same during the whole of the time that the reserve albuminous 
substances are being consumed. Asparagin is now found in large quantities in the petiole 
of the cotyledons, almost to the extent of a saturated solution (t part dissolves in 58 parts 
of water at 13° C.), as well as in the hypocotylcdonary portion and in the stem as soon as 
it begins to grow. The asparagin extends in the root and stem towards the puncta 
•vegeta t ion ? j almost exactly as far as the sugar, becoming finally, like the latter, less 
abundant. Beneath the cotyledons it is wanting in the pith, while in the stem it is as 
abundant there as in the cortical tissue ; it is never found in the vascular bundles. The 
asparagin also extends into the petiole of young leaves as far as the base of the unfolding 
pinnai, as well as into the lateral roots. As long as asparagin is formed out of the albu- 
minous substances in the cotyledons, it may also be found in the plant distributed as has 
been described ; but when the cotyledons have been entirely emptied, the asparagin also 
disappears; but this does not happen in the case of Luptnus luteus until several leaves have 
completely unfolded. 

The process is quite analogous in Tetragonobolus purpureus and Medicago tube r- 
culata ; in Vieia s at'rva and Pisum sativum the presence of asparagin in the cotyledons 
themselves cannot be proved with certainty, but is found at their base and usually also 
in their petiole, although these plants produce decidedly less of it than Lupinus luteus. 
Since moreover chemical analysis has established the production of great quantities of 
asparagin on germination in the case of a large number of other species of the order, we 
may regard this substance as the form of transport for the albuminous substances 
characteristic of all Papilionacea\ Albuminous substances arc moreover found in 
these plants also in the thin-walled elongated cells of the vascular bundles; and it is 
quite possible that they are at the same time also transported by these structures. It is 
evident that the source of the asparagin must be the albuminous substances, because the 
absolute amount of nitrogen remains the same during germination ; and the nitrogen of 
seeds is all or nearly ail contained in their albuminous ingredients. 

The following numbers show the percentage composition of asparagin, and the 
composition of an amount of legumin, containing an equivalent quantity of nitrogen. 


Asparagin . 

I.egumi n. 

Difference. 

C- 3 6 .4 

C - 64*9 

4 28*5 

H- 6*i 

H- 8*8 

+ 2*7 

N - 21 '2 

N - 2 1*2 

0*0 

O - 36-4 

b 

r^i 

! 

- 5 *« 


Asparagin contains less Carbon and Hydrogen but more Oxygen than Legumin and 
other proteids. Consequently if the whole of the Nitrogen of Legumin is used in the 
formation of asparagin, a considerable quantity of Carbon and Hydrogen must be given 
off and a certain amount of Oxygen absorbed. Exactly the opposite will take place upon 
the conversion of asparagin into proteid. Pfcffer points out (Monatsber. d. Berl. Akad., 
1873) that this regeneration of proteid from the asparagin formed during germination 
depends in so far upon the action of light as this is necessary for the dc composition of 
carbonic acid in cells containing chlorophyll. Asparagin remains in a plant exposed to 
light if carbonic acid be not supplied to it. 

In Trop<tolum majus asparagin occurs in the earliest stages of germination only; it 
disappears at a later period whether germination is taking place in light or in darkness. 
In this case the asparagin is converted into proteid before the non-nitrogenous reserve- 
materials arc exhausted ; hence the regeneration can take place without assimilation. 
The formation of asparagin during germination takes place in light or in darkness : it is 
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only the regeneration of the proteids which is dependent, as in the Papilionaceac, in the 
manner above mentioned upon light, that is, upon assimilation 1 . 

The existence of asparagin has also been proved in the leaves and stems of some 
plants (see Husemann, Pflanzenstoflc) ; and its presence in the underground perennial 
parts of Stigma phyl Ion jatropherfolium almost gives the impression of its being there also a 
reserve-material. 

The absorption of assimilated substances into the plant from without takes 
place in seedlings, the reserve-materials of which are contained in the endosperm, 
in parasites 2 , and in saprophytes which contain no chlorophyll. Seedlings, which 
have been most studied in this respect, show how the reserve-materials of the endo- 
sperm may pass into the absorbing organs (in this case almost always foliar struc- 
tures) without there being any actual continuity of the absorbing organ with the 
endosperm ; they only lie in close apposition, and can be separated without any 
injury 3 (as in Ricinus , Fig. 471). It cannot be doubted that the metamorphoses 
which take place in the nutrient endosperm are brought about by the absorbing 
organ, that as by the embryo itself; the behaviour of the endosperm of the germi- 
nating Date, which is absorbed by the delicate tissue of the absorbing organ belong- 
ing to the cotyledon, shows clearly that the hard thickening-layers of the cell-walls 
of the endosperm are first of all transformed into sugar under the influence of this 
organ, and then absorbed. A substance evidently passes out of the absorbing organ 
into the endosperm which causes this metamorphosis of the cellulose. The oil and 
albuminoids of the endosperm are at the same time taken up into the embryo, 
where all the conducting parts of the parenchyma are filled with sugar and starch 
as long as the endosperm is not entirely absorbed. In the ‘same manner also 
in Grasses substances possibly pass out of the embryo into the endosperm, and 
there bring about the chemical metamorphosis and solution of the starch and albu- 
minoids before they are absorbed by the scutellurn which is applied to the surface 
of the endosperm. It is possible however that in this case there may be some 
means in the endosperm itself of bringing about the solution of the starch and 
gluten in the presence of water independently of any chemical action of the 
embryo. 

The absorbing roots of parasites penetrate into the tissue of the host, and 
often grow into it in the most intimate manner. It is certain that the exciting 
cause of the transport of the products of assimilation from the host to the parasite 
resides in the latter; the parasite acts on the conducting masses of tissue of the 
host like a growing bud of the host itself; the food-materials penetrate into it 
because it consumes and changes them. 

The influence exerted by the absorbing organ of the embryo on the substances 


1 [See Schulze, Ueb. Zersetzung und Neubildung von ICiweissstoffen in I.upinenkcimlingen, 
Landw. Jahrb. VII. 1878.] 

u Parasites which contain chlorophyll, like the Loranthaccse, can themselves assimilate, and 
only require thcrefoic to draw water and mineral substances from their host (see Pitra in Pot. Zeitg. 
1X61, p. 3). Those parasites which are apparently destitute of chlorophyll (like Orobanche ), and 
sapiophytes (as Neottia), contain, according to Wtisner (Iiot. Zeitg. 1871, p. 37), traces of chlorophyll, 
which however can hardly be taken into account in assimilation. 

3 For further details sec the accounts given by me in Pot. Zeitg. 18C2 and 1863, of the 
germination of different plants. 
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in the endosperm, dissolving and chemically changing them , points to the way in 
which the absorption of food-material is effected by saprophytes which possess no 
chlorophyll, their absorbing organs probably first causing the solution and chemical 
transformation of the decaying organic constituents of the humus. The decaying 
foliage in which Monotropa, Epipogium l , and Corallorhiza grow, does not give up 
to water the serviceable materials which are still present in it, any more than the 
cellulose of the endosperm of the Date, or the starch of the endosperm of Grasses, 
or the oil of the seed of Ricinus , can be extracted by water ; but these saprophytes 
nevertheless obtain their nutriment from them. The fact that the roots of plants of 
this kind are so few in number and so diminutive in length, as in Neottia , or are 
entirely wanting, as in Epipogium and Corallorhiza , is very remarkable in connection 
with this. These plants are concealed in the nutrient substratum till the time of 
flowering, and may act upon it by their whole surface ; and it is important to note 
that the absorbing surface of seedlings is very small in proportion to the great 
amount of work done, as is also the case with the absorbing roots of Cuscufa , 
Orobanche , &c. 

Skct. 6. — The Respiration of Plants 2 consists, as in animals, in the 
continual absorption of atmospheric oxygen into the tissues, where it causes 
oxidation of the assimilated substances and other chemical changes resulting from 
this. The formation and exhalation of carbon dioxide — the carbon resulting 
from the decomposition of organic compounds — may always be directly observed ; 
the production of water at the expense of the organic substance in consequence 
of the process of respiration is inferred from a comparison of the analysis of 
germinating seeds with the composition of those which have not yet germinated. 
Experiments on vegetation show that growth and the metastasis in the tissues 
necessarily connected with it only lake place so long as oxygen can penetrate 
from without into the plant. In an atmosphere devoid of oxygen no growth 
takes place ; and if the plant remains for any time in such an atmosphere it 
finally perishes. The more energetic the growth and the chemical changes in 
the tissues, the larger is the quantity of oxygen absorbed and of carbon dioxide 
exhaled ; hence it is especially in quickly germinating seeds and in unfolding 
leaf- and flower-buds that energetic respiration has been observed; such organs 
consume in a short time many times their own volume of oxygen in the pro- 
duction of carbon dioxide. But in all the other organs also — in every indi- 
vidual cell — respiration is constantly going on ; and it is not merely the chemical 
changes connected with growth that are dependent on the presence of free 
oxygen in the tissues; the movements of the protoplasm also cease if the sur- 
rounding air is deprived of this gas ; and the power of motion possessed by 
periodically motile and irritable organs is lost if oxygen is withheld from them; 

t 

1 See Rcinke, Flora, 1873, No. 10-14. 

2 The special references for what is said on this subject will be found in my work on Expe- 
rimental Physiology, sect. 9, On the action of atmospheric oxygen. Of more recent works may 
be mentioned especially, Borscow, O11 the behaviour of plants in nitrogen (Melanges biologiques 
tirds du Bulletin de l’Acad. Imp. des Sci. Nat. de St. Petersbourg, vol. VI, 1867); also Wiesner, 
Sitzungsber. der Wiener Akad. vol. LXVI 1 I, 1871 ; Bert, Comples Rendus, 16 Juin, 1873. [See also 
Wortmann, Arb. cl. bot. Inst, in Wiirzburg, Bk. II, 1880; Pfeifer, Das Wesen und die Bedcutung der 
Athmung in der Pflanze, Landwirlh. Jahrb. VII, 1878.] 
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but if this happens only for a short time the motility returns when the oxygen is 
again restored. 

The respiration of plants is, like that of animals, associated with a loss of 
assimilated substance, this loss being always a great deal smaller in assimilating 
plants than the gain of substance by the' activity under the influence of light of 
the ceils which contain chlorophyll ; but when, as in the germination of seeds, an 
energetic growth is combined with powerful respiration, no new products of as- 
similation replacing the loss, the loss in weight of the growing plant may be very 
considerable. Seeds which germinate in the dark may in this way lose almost 
one-half of their dry weight, and it would seem that this loss is occasioned ex- 
clusively by the decomposition of the non-nitrogenous reserve material 1 and its 
combustion into carbon dioxide and water. If the non-nitrogenous reserve-material 
consists of oil, i.c. of a substance containing very little oxygen, a portion of the 
inhaled oxygen remains in the germinating plant, carbo-hydrates containing a large 
quantity of oxygen such as starch and sugar being formed at the expense of 
the oil. 

The log's of assimilated substance caused by respiration would appear purpose- 
less if we had only to do with the accumulation of assimilated products; but these 
are themselves produced only for the purposes of growth and of all the changes 
connected with life ; the whole life of the plant consists in complicated movements 
of molecules and atoms; and the forces necessary for these movements are set 
free by respiration. The oxygen, while decomposing part of the assimilated sub- 
stance, sets up important chemical changes in the remaining portion, which on their 
part give rise to diffusion-currents, and these bring into contact substances which 
again act chemically on one another, and so on. The dependence on respiration of 
the movements in protoplasm and motile leaves is very evident, since, as has been 
mentioned, they lose their motility when oxygen is withheld from them. These 
considerations lead to the conclusion that the respiration of plants has the same 
essential significance as that of animals; the chemical equilibrium of the substances 
is being continually disturbed by it, and the internal movements maintained which 
make up the life of the plant. Respiration is, it is true, a source of loss of sub- 
stance ; but it is also in addition the perpetual source from which flow the forces 
necessary to the internal movements 2 . 

1 [According to Borodin (Ueb. die physiol. Bedeutung des Asparagins im Pflanmmiche, Bot. 
Zeitg. 187*’) this is not the* case. In the piocess of respiration the nitrogenous substances constituting 
the protoplasm become oxidised, and of this oxidation asparagin is one of the products. The non- 
nitrogenous materials are used up in supplying plastic material to the protoplasm. 

Asparagin is regarded, from this point of view, as a nitrogenous waste product (metabolite), and 
it theiciorc conesponds physiologically to the uiea formed in the animal body, a comparison which 
was long ago suggested by Boussingault.] 

2 [M. forenwinder, from a series of observations on the Maple and Lilac, has confirmed the 
view to a certain extent held by Mold, that the process of respiration is always going on in a plant 
even when concealed by the gi eater activity of the decomposition of the carbon dioxide by the 
parts containing chlorophyll, lie distinguishes two periods in the vegetative season of the plant: — 
tlit* first period, when nitrogenous constituents predominate, is that during which respiration is most 
active ; the second, when the proportion of carbonaceous substance is relatively larger, is the period 
when respiration is comparatively feeble, the carbon dioxide evolved being again almost entirely 
taken up by the chloroph>ll, decomposed, and the carbon fixed in the process of assimilation. He 
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The combination to form carbon dioxide of the inhaled oxygen with a portion 
of the carbon of the assimilated substance is, like all combustion, accompanied by 
the production of a corresponding amount of heat; but this only rarely leads to 
a sensible increase of temperature of the masses of tissue, because respiration, and 
in consequence the production of heat, is not in general very copious, while the 
circumstances are very favourable to the loss of heat by the plant. In this respect 
also plants may be compared to cold-blooded animals. When an amount of heat 
is set free in the cells by the process of respiration, it first of all distributes itself 
over the large mass of water which permeates the cells and the adjoining tissue. In 
the case of a water-plant the least excess of temperature is at once equalised by the 
surrounding water; while in the case of a land-plant evaporation has a powerful 
cooling effect on the aGrial parts, quite independently of the action of the radi- 
ation of heat which is favoured by the large superficial development of most 
plants, and especially by their hairiness. With these causes of a rapid loss of 
heat, it is not surprising that the parts of a plant which are expanded in the 
air are even colder than it, although their respiration is continually producing small 
quantities of heat. But if the causes of the loss of heat are removed, it is possible 
to observe with the thermometer the increase of temperature caused by respiration. 
This can be done by accumulating rapidly germinating seeds, as is shown in the 
considerable elevation of temperature of grains of Barley in the manufacture of malt ; 
and this elevation can also be proved in the case of other germinating seeds, or 
growing bulbs and tubers. The proof is more difficult in plants with green leaves. 

In some flowers and inflorescences the production of carbon dioxide which 
accompanies the inhalation of oxygen is very energetic, the radiation of the heat 
produced being at the same time diminished by the small superficial extent of the 
organ and by protecting envelopes ; and in such cases a very considerable elevation 
of temperature of the masses of tissue has been observed. The best illustration of 
this is the spadix of Aroidese at the time of fertilisation, where (especially in warm 
air) an excess of temperature of from 4 0 to 5 0 or even of io°C. or more has been 
detected. Less considerable elevations of temperature have also been observed in 
the separate flowers of Cucurbita , Bignonia radicans , Victoria regia , &c. 

In the few cases in which up to the present time the development of light or 
Phosphor are me has been observed in living plants, this phenomenon is also dependent 
on the respiration of oxygen. In Agaricus olearius (of Provence) this has been 
definitely proved by Fabre. This Fungus emits light only so long as it is alive, and 
ceases to do so at once when it is deprived of oxygen ; the respiration is in this case 
also very copious. Besides this Fungus, Agaricus igneus (of Ainboyna), A. nocti- 
lucous (of Manilla), A. Gardner i (of Brazil), and the Rhizomorphs are known to 
emit light spontaneously; the statements with respect to the light emitted from 
various flowers are of extremely doubtful value 1 . 


found that the proportion of nitrogenous matter in leaves gradually diminishes, while that of carbon- 
aceous matter increases, between autumn and spring. (See Revue scientihque, Aug. i, 1874.)] 

1 [For a collection of recorded instances of phosphorescence in plants see ITardwicke’s Science 
Gossip, 1871, p. 121.] See my Experimental Physiology, and Schmitz (Linniea, 1843, p. 523) and 
Bischoff (Flora, 1824, 11 . 426) on the phosphorescence of Rhizomorphs. 

3 A 2 
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The apparatus described in my Handbook of Experimental Physiology, p. 271, may 
be easily employed, with the necessary modifications, for the observation of the pro- 
duction of carbon dioxide and the elevation of temperature of germinating seeds. The 
following experiment is also adapted for the demonstration of these points in a lecture. 
One-third of a glass cylinder of 2 litres capacity is filled with soaked peas or some 
other seeds or with flowers in the act of unfolding (e.g. small flower-heads of Com- 
posite, as Matricaria or Pyrethrum), and closed with a well-titting glass stopper. If 
the vessel is opened carefully alter several hours, the air contained will be found to 
extinguish a burning taper let down into it, as if it had been filled with carbon dioxide. 

In order to observe the development of heat also in small quantities of seeds and 
even in single flowers of larger size, I use various forms of the apparatus represented 
in Eig. 472. The flask f contains a strong solution of potash or soda / which absorbs the 
carbon dioxide set free from the plants. In the opening of the flask is placed a funnel r, 

containing a small filter-paper perforated with 
a needle. The funnel is filled with soaked 
seeds or with cut flower-buds in the act of 
opening ; and a bell-glass g is now placed 
over it, through the tube of which a thermo- 
meter graduated to tenths of degrees is let in 
so that the bulb is surrounded on all sides by 
the plants. A loose plug of cotton-wool av 
closes the tube. In order to compare the 
temperature, a similar apparatus is placed 
close beside, in which the seeds or flowers as 
the case may be are or are not replaced by 
pieces of moist paper or green leaves. It 
is convenient to place both apparatuses in a 
large glass case in order still more completely 
to shield them from slow changes of temper- 
ature in the air of the room. As the isolation 
is not complete, the access of fresh oxygen- 
ated air to the plants is not hindered, and the 
continuance of respiration is therefore not 
prevented ; the arrangement is on the other 
hand sufficient to reduce to a minimum the 
loss of heat by ladiation and evaporation. 
The thermometers ol both apparatuses, pre- 
viously compared, must be frequently read 
off in order to detect the variations of tem- 

. 47?.— Apparatus tor nhscrvm^ tin* ri-sc oftcni| hire 

in tubers .m, i ^enmn.u sci ds. peraturc. If the bulbs are small enough, the 

elevation of temperature in the funnel may 
be observed even with single flowers. In order to reduce still further the amount of 
evaporation and radiation, it is convenient, before the bell-glass g is placed over, to 
cover the funnel with a perforated glass plate, the thermometer being inserted through 
its perforation. 

It is possible under favourable circumstances to observe by means of this contrivance 
a rise of temperature of rs°C. with 100 or 200 peas, while the roots are developing; 
the anthers of a flower of the Gourd caused a rise of about o*8' J C. in a tolerably large 
thermometer with the bulb of which they were in contact on only one side. A single 
capitulum of Onopordon Acanthium produced an elevation of 0*72° C. ; the stamens of a 
single flower of Nymphaa Jtellata one of about 0*6” C. The temperature of a number of 
flower-buds of Ant hem is chrysolaica heaped round the thermometer rose as they unfolded 
about i*6" C. 

It will be readily understood that flowers must not be used for these experiments as 
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soon as they have been gathered ; but that it is necessary to wait for some hours till they 
have acquired the temperature of the room. (Further details will be given elsewhere.) 
M°Nab found that a large specimen of Lycoperdon giganteum produced a rise of temper- 
ature of i'2° (F. or C.?). Bot. Zeitg. 1873, p. 560. 


chapter in. 

GENERAL CONDITIONS OF PLANT-LIFE. 

Sect. 7. The Influence of Temperature on Vegetation 1 can only be 
investigated scientifically by observing the influence of definite and different degrees 
of temperature on the separate vital phenomena of plants, /. c. on the various pro- 
cesses of assimilation and metastasis, of diffusion, of growth, of the variations in the 
turgidity of the cells and lension of the tissues, of the movements of protoplasm 
and irritable organs and of those endowed with periodic motion, Ac. 

The determination of the facts which have here to be investigated depends on 
an accurate determination of the temperature of the plant in any given case, or rather 
on that of the part of the plant in question on which the experiment is to be made. 
This is often attended with great difficulties, and is sometimes almost impossible. 
Independently of the changes of temperature, usually inconsiderable, caused by 
respiration in the interior of the plant, the temperature of each cell depends on 
its position in the mass of tissue and on the variations of the surrounding tem- 
perature. A constant interchange of heat is going on between the plant and 
its surrounding medium by conduction and radiation which essentially determines 
the temperature of any part of a plant at any particular time. 

In reference to the conduction of heat, it must be mentioned in the first place 
that all parts of plants arc bad conductors; the differences of temperature between 
them and the air, earth, or water that is in contact with them become only very 
slowly adjusted in this way. The conductivity for heat is probably also always 
different in different directions; that in the longitudinal direction in dry wood bears 
the proportion to that in the transverse direction of c.g. 125 ; 1 in the Acacia, Box, 
and Cypress, of i*8 : 1 in the Time, Alder, and Bine, 

The radiation of heat is on the other hand a very frequent and rapid cause of 
changes of temperature in most parts of plants; the Thief effect of these changes 
being to bring about differences between the temperature of the surrounding medium 
and that of the plant, especially when the parts of the plant are of small size but 
have a large hairy surface, as is the case with many leaves and internodes. It 
must be noted in this connection that the radiating power of a body is equal to its 


1 For more detailed proofs sec my Handbook of Experimental Physiology, p. 4 S et st 
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absorptive power; and that radiation depends not merely on the temperature, but also 
on the diathermancy of the surrounding medium. 

In the aerial parts of plants, transpiration is an energetic additional cause of loss 
of temperature; inasmuch as water in the act of evaporation withdraws from the 
plant the amount of heat necessary for its vaporisation, and hence makes it colder. 

In investigations of the influence of temperature on the various processes of 
vegetation, the conditions noticed above must always be carefully considered. It 
may be assumed in general that the result of their united action is that small water- 
plants and the underground parts of plants have usually nearly the same temperature 
as that of the surrounding medium when this temperature is not subject to too great 
variations ; but that on the other hand leaves and slender stems exposed to air are 
generally colder than the air ; while the thick stems of woody plants arc sometimes 
warmer, sometimes colder, in consequence of their slow conducting power. How 
greatly the temperature of parts of plants of considerable superficial extent may be 
depressed by radiation below that of the air is shown by the fact that a thermometer 
placed on the grass and exposed to radiation indicates on clear nights a temper- 
ature several degrees lower than one placed in the air. If the latter is only a few 
degrees above the freezing-point, the temperature of the leaves of plants may in 
this manner fall below zero and they will suffer the effects of frost. The formation 
of dew on summer nights, and of the hoar-frost which is deposited in such large 
quantities on plants especially in the late autumn, are striking proofs of the effect 
of radiation in lowering their temperature. The relation of the temperature of 
plants to that of their surrounding medium is however very complicated when we 
have to do with solid bodies like trunks of trees, because the different powers of 
conduction in the longitudinal and transverse directions of the wood, and other 
causes, then cooperate with the action of radiation and of absorption of heat 
through the bark. In general, as has been shown by Krulsch’s beautiful experi- 
ments, the trunk is cooler during the day than the surrounding air, but warmer 
in the evening and night \ 

With respect to the changes of volume in masses of tissue and in individual 
cells as the temperature varies, nothing is known with certainty except as regards 
dry wood. The numbers given by Caspary as the coefficients of the expansion of 
wood caused by heat depend on untrustworthy observations and on a complete mis- 
understanding of the phenomena which take place in the objects observed 1 2 . When 
leaf-stalks and the branches of trees become curved at temperatures far below the 
freezing-point, this is obviously not altogether, if at all, caused by the different 
layers of tissue having different coefficients of heat-expansion ; but is mainly 
a consequence of the fact that the water of vegetation freezes, while the cell- 
walls lose water and in consequence contract more or less according to their state 

1 [According to Becquerel, trees waim surrounding layers of air during the day and a good 
part of the night ; they begin to cool them as soon as they have attained the same temperature. 
The maximum temperature is reached by the air two or three hours after midday ; in the tree 
it is reached after sunset, in summer towards 9 p. m. Sec Mcmoirc sur les forets et leur influence 
clirnateiique : Mem. de lTnst. vol. XXXV, pp. 460-470 ] 

a Proceedings of the International Horticultural Exhibition and Botanical Congress held in 
London, 1866, p. 116. 
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of imbibition and of bonification. The phenomenon depends therefore in the first 
instance on a change in the state of imbibition and turgidity produced by different 
temperatures. Villari has carefully measured 1 the coefficients of heat-expansion for 
different dry woods. Like the expansion caused by the absorption of water, that 
caused by heat is much less in the direction of the fibres than in the radial direc- 
tion across the fibres ; but with the difference that the coefficients of expansion for 
absorption are reckoned by hundredths in the radial and thousandths in the longi- 
tudinal direction, those for heat by hundred-thousandths and millionths ; so that 
the alterations of the dimensions of dry wood in the two directions caused by 
changes of temperature are about 1000 times smaller than those caused by the 
absorption of water. The following table is from Villari for temperatures between 
2 0 and 34 u C. : — 


Coefficients of heat -expansion for i n C. 


Box-wood . 

, 00000614 

0-00000257 

25 

Fir . . . 

. 0-0000584 

00000037 1 

16 : 1 

Oak . . . 

. 00000544 

0-00000492 

12:1 

Poplar . . 

0-0000365 

0-00000385 

9 : 1 

Maple . . 

0-0000484 

0-00000638 

8 

Pine . . . 

00000341 

0-0000051 1 

6 


Since these numbers only hold good for dry wood, while wood as a constituent 
of the living plant can be observed only in the moist state, they cannot be applied 
directly to the explanation of the physiological phenomena due to changes of 
temperature ; but they are nevertheless of great interest, since they give us an 
insight into the molecular structure of wood, especially as to its elasticity in different 
directions. 

Something more is known as to the influence of different degrees of temperature 
on the vital phenomena of plants. On this subject the important fact must first be 
noted that the exercise of every function is restricted to certain definite limits of 
temperature within which alone it can take place; i.e. all functions are brought into 
play only when the temperature of the plant, or of the particular part of the plant, 
rises to a certain height above the freezing-point of the sap, and cease when a 
definite maximum of temperature is attained, which can apparently never be per- 
manently higher than 50° C. 2 Hence the life of the plant, i.c. the course of its 
vital processes, appears to be confined in general within the limits zero and 50° C. 
It must however be noted that the same functions may have very different limits 
between o° and 50° C. in different plants; as is also the case with different functions 
in the same plant. A few examples will serve to explain this. 

Since the cell-fluids, consisting of aqueous solutions often in a state of high 
concentration, do not usually freeze at zero, it is always possible for certain pro- 
cesses of growth to take place when the temperature of the surrounding air is as 
low as this, although this fact has not yet been sufficiently established. Uloth (flora, 

1 boggendorffs Annalen, 1868, vol. 133. p. 412. 

3 Sachs, Ueber die obere Tempcraturgrenze der Vegetation, Flora, 1864, p. 5; Krasan, Hcitr. z. 
Kenntniss des Wachsthums, Sitzber. d. Wien. Akad. 0873. 
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1871,110. 12) observed the remarkable fact that seeds of Acer platanoides and of 
Wheat which had fallen between pieces of ice in an ice-house germinated there 
and pushed a number of roots several inches deep into the fissureless pieces of ice. 
From this observation he concluded that these seeas had the power of germi- 
nating at or even below the freezing-point of water; and that the penetration of 
the roots into the ice is caused by the development of warmth in the seed and by 
the pressure of the growing roots. It seems to me however that another expla- 
nation is possible. The ice was evidently surrounded by warmer substances, such 
as the walls of the house, which emitted to it rays of heat. Now it is a well-known 
fact that rays of heat, when they strike upon bubbles of air or bodies firmly frozen 
into a piece of ice, warm them and melt the surrounding ice. In this way not 
only the seeds but also their roots were warmed by the radiation of heat which 
passed through the ice, and thus the particles of ice in contact with them were 
melted. This experiment gives us therefore no certain knowledge of the actual 
temperature of the germinating seeds. The statements of different observers as to 
the highest temperature of the water in which some of the lower Algae grow vary 
greatly ; and Ttegefs assertion is perhaps the most probable that water must be 
below 40° C. for plants to grow in it. I have convinced myself that a considerable 
number of plants are killed by an immersion for only ten minutes in water of 45 0 or 
46 C., while flowering plants endure for a longer period an air-temperature of 48° 
or 49 0 C. ; but at 51° C. lose their vitality after from ten to thirty minutes (any 
possible injury by drying up being of course prevented) 1 . As to the high tem- 
peratures which the spores of Fungi can endure without losing their power of ger- 
mination, very different statements, some of them altogether incredible, have been 
made, according to which temperatures of more than ioo <J , even as high as 200° C., 
would seem not to be injurious. Of ninety-four experiments which were made by 
Tarnowsky with all possible precautions 2 , the result was that the spores of Peni- 
cillium ghiucum and Rhizopus nigrham exposed for from one to two hours to air 
of a temperature between 70° and Ho" C. germinated only very rarely, while a 
temperature of 82° or 84° C. altogether killed them. Spores heated in their proper 
nutrient fluids entirely lose their power of germination at 54° or 55° C. s 

The growth of parts of the embryo at the expense of the reserve -materials 
begins, as my experiments show 1 , in the case of Wheat and Barley even below 5°C.; 


1 II. do Vries, Materiaux pour la connaissance de f influence de la temperature, in Archives 
Neerlandaiscs, vol. V, 1870, arrived at the same results from a number of experiments on Crypto* 
gamia and flowering water and land-plaijts. According to Schmitz (Linmea, 1843) Sph&ria carpophi/a 
is killed in ten minutes by water of 35' ’-38° R. (43'5 ~47 5° C.). 

2 One of the most important of these precautions is to prevent with certainty the entrance of 
spores after the temperature has been raised in the apparatus to the required point. 

According to Wiesncr (Sitzbcr. d. Wien. Akad. 1873) spores of Pent allium g lav cum sown on 
lemon pulp will not germinate below i'5°C. or above 43" C. Any further development is confined 
to narrower limits. The most favourable temperature is from 22 0 to 26° C. 

:i Tor further details see pt. Ill of the Proceedings of the botanical Institute of Wurzburg. 

* Sachs, Abhangigkeit dcr Kcimung von der Temperatur, Jahrb. fur wissensch. Hot vol. II. p. 338, 
iSflo.- A. I)e Candolle in liibliolhequc universelle dc Geneve, 1865, vol. XXIV. p. 243 et seq . — 
Koppen, Wiirmc und rflanzenwachstburn, eine Dissertation, Moscow 1870. — Accoiding to Kerncr 
(Nat. wiss. Vcrein Janobroek, 1872) most plants, especially alpine plants, can germinate below 2° C. 
See also bother under chap. TV. 
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in Phaseolus multiflorus and Zea Mats at 9*4° C. ; in Cucurbita Pepo at 1 3*7° C. But 
when the reserve-materials of the seed have been consumed, a higher temperature is 
apparently always necessary to enable growth to proceed at the expense of freshly 
assimilated material. The highest temperatures at which my observations indicate 
that germination can take place were about 42 0 C. in the case of Phaseolus multiflorus , 
Zca Mais y and Cucurbita Pepo ; in Wheat, Barley, and Peas, about 37 0 or 38° C. 

The lowest temperature at which the chlorophyll- granules turn green was 
determined for Phaseolus multiflorus and Zea Mais at above 6°, and probably 
below 1 5 0 C. ; for Brassica Napus above 6° C. ; for Finns pinea between 7 0 and 
n °C. The highest temperature at which leaves already formed and still yellow 
turn green was for the first-named plants above 33 0 ; for Allium Ccpa above 36° C. 

The exhalation of oxygen and the corresponding assimilation begin, according 
to Clo£z and Gratiolet, in the case of Potamogelon between io° and i5°C. ; in 
Vallisneria above 6° C. In many Mosses, Algae, and Lichens, assimilation may 
possibly take place at still lower temperatures ; according to Boussingault (Compt. 
Rend. vol. 68. p. 410), carbon dioxide is decomposed by the leaves of the Larch 
at o*3° to 2*5° C., and by those of Meadow-grasses at 1*3° to 3*3° C. Heinrich 
found the minimum temperature at which bubbles of gas were given off by Hoitonia 
palustris to be 2*7° C. The upper limit of temperature for this function has not 
been ascertained, except for Hot Ionia palustris , in which case Heinrich found it 
to be 3 o°-36' j C. 

The irritability and periodical movement of the leaves of Mimosa do not 
begin till the temperature of the surrounding air exceeds i5°C. ; the periodical 
movements of the lateral leaflets of the leaf of Desmodium gyrans only at tem- 
peratures above 2 2°C. The upper limit of temperature for the sensitiveness of the 
leaves of Mimosa depends on the continuance of the warmth ; in air of 40 1 C. 
they become rigid within an hour; at 43° C. within half an hour; at 48° to 50° 
within a few minutes, but may again become sensitive when the temperature falls. 
A temperature of 52° C. causes permanent loss of the power of motion and death. 

The lower limit of temperature for the motility of the protoplasm in Nitella 
syncarpa is stated by Nagcli to be zero ; for the hairs of Cucurbita my observations 
place it at a temperature of io° or r i°C. The upper limit is 37°C. in the case of 
Nitella syncarpa according to Nagcli ; in the hairs of Cucurbita, when immersed in 
water of 46° or 47° C., the current is arrested within two minutes; in the air exposure 
to a temperature of 49° or 50° C. for ten minutes does not stop the current. The 
current in the hairs on the filaments of Trade scant ia ceases within three minutes in air 
at 49° C., beginning again when the temperature is reduced. 

The absorption of water through the roots is also confined to certain limits of 
temperature. Thus I found that the roots of the Tobacco-plant and Gourd no longer 
absorb sufficient water to replace a small loss by evaporation in a moist soil of 
from 3 0 to 5°C. ; the heating of the soil to from 12 0 to i8°C. suffices to raise 
their activity to the needful extent. The roots of the Turnip and Cabbage on the 
contrary absorb a sufficient quantity of water from soil reduced nearly to the freezing- 
point to replace a moderate loss by transpiration. 

A second result of the observations hitherto made may be stated as follows : — 
The functions of a plant are assisted and accelerated in their intensity when the 
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temperature rises above the lower limit for that function ; on reaching a definite 
higher degree a maximum of intensity is attained; the activity then decreases^ 
with a further increase of temperature, until it entirely ceases at the upper limit. 
There is therefore no proportionality between a rise in the temperature and in 
the intensity of the function. Thus, according to my observations, the rate of 
growth of the roots of a seedling of Zca Mais attains its maximum at 27*2° C., of 
the Pea, Wheat, and Barley at 2 2*8°C. ; while an increase of the temperature of the 
soil beyond these points causes in each case a decrease in the rapidity of growth 1 . 

The irritability of the leaves of Mimosa is rather sluggish between i6 u and 
t 8°C., and appears to reach its maximum at ;}0°C. The periodically motile lateral 
leaflets of the leaf of Desmodium gyrans oscillate, according to Kabsch, in from 
eighty-five to ninety seconds at 35°C., in from 180 to 190 seconds between 28° 
and 30" C.; at lower temperatures the oscillations are imperfect, and at 23 0 or 24°C. 
they become almost imperceptible. 

The rapidity of the movement of die protoplasm in Nitella syncarpa attains its 
maximum, according to Nageli, at 37°C.; at a higher temperature the movement 
ceases. In the hairs of Cucurbita, Solanum Lv coper si cum, and Tradcscantia , as well as 
in the leaves of Vallisneria , I found the motion of the protoplasm slow between 12° 
and i6°C., very rapid between 30° and 40°, slower again between 40° and 50° C. 

Very great and rapid variations of temperature between zero and 50° C. have 
been shown by experiments made by De Vries on a number of different growing 
plants not to be attended with danger to life, inasmuch as no injury could be 
detected cither at the time or afterwards. It does not however follow from 
this that considerable changes of temperature are without effect. Jt would appear 
rather that when a plant is generally exposed to a favourable temperature, its 
functions are carried on the more energetically the more constant this favourable 
temperature remains. This is shown by ordinary experience in horticulture, and 
still more by the experiments of Ilofmeister (Pflanzenzelle, p. 53) and I)e Vries 
(/. c.) on the movement of protoplasm, and of Koppen (/. c.) on the growth of roots. 
The influence of sudden variations of temperature in producing an injurious effect 
on the plant is however very complicated, and has not yet been thoroughly investi- 
gated. I have shown that any rapid increase or decrease of temperature is accom- 
panied by an increase or decrease of the rapidity of growth ; although, according to 
Koppen, the increase of growth during a long pciiod is less when the temperature 
is variable than when it is constant, the mean temperature being the same in both 
cases, a conclusion which the more recent experiments of Pedersen 2 render 
questionable. 

If the upper and lower limits mentioned above are exceeded, the functions of the 
plant may, according to circumstances, simply come to rest, again to become active on 
the return of a favourable temperature, or permanent changes are brought about, re- 
sulting in injury and finally in the destruction of the cells. 

1 Further details on this subject will be found in my treatise already named, and in Dc Vries 
and Koppen (/. c.). Compare aUo what U said in chap. ] V, on the influence of temperature on the 
rapidity of growth. 

~ [llabcn Temperatursch wank ungen als solchc einen ungunstigen F.influss auf das Wachsthum ? 
Alb. d. bot. Inst, in Wui/burg, I. 4, 1 8 74 . ] 
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Cells killed by too high a temperature or by freezing show in general the same 
changes as if they had been killed by poison, electricity, &c. ; the protoplasm becomes 
stationary, turgidity ceases because the resistance of the cell-walls together with that 
of the protoplasm diminishes, and allows the sap to filter out; the tissues become 
flaccid ; secondary chemical changes of the sap produce the same dark colour as in 
expressed juices ; and rapid evaporation soon causes a complete drying up of the 
dead tissue. 

The injury resulting from too high or too low a temperature may, under certain 
circumstances, be indirect and slow in its manifestation ; this will be the case when a 
particular function is too highly excited or too much depressed, and thus the harmo- 
nious co-operation of the various vital processes is disturbed. Thus growth may be so 
excited by too high a temperature that assimilation, especially when the light is deficient, 
is not sufficient to supply the necessary formative material ; and the transpiration of the 
leaves may in addition be so much increased that the activity of the roots is insufficient 
to replace the loss. On the other hand, too low a ground temperature may so depress 
the activity of the roots that even small losses by transpiration from the leaves can no 
longer be replaced. We shall refer in the sequel to the injuries caused immediately to 
the cells by too high a temperature and by the freezing and thawing of the tissues. 

1. The destruction of the life of cells by too high a temperature depends, like freezing, 
on their containing water. While succulent tissues are killed below or at 50° C., air-dry 
seeds of Pisum sativum can resist a temperature of over 70° G. for an hour without 
losing their power of germination ; of grains of Wheat and Maize heated to 65° for an 
hour, 25 p.c. germinated in one case. Peas soaked in water for an hour and exposed 
to a temperature of 54" or 55' G. were all killed; Rye, Barley, Wheat, and Maize at 
53* or 54" G. Spores of Fungi showed similar phenomena, as is seen from Tarnowsky’s 
experiments. The cause of death appears to be the coagulation of the albuminoids 
of which the protoplasm is composed, and this again depends on their containing water 
and on other circumstances, since these render a different temperature necessary for 
coagulation in different cases. The disorganisation of the cell-wall is perceptible only 
at higher temperatures; and that of starch, which only takes place between 55 0 and 
6o° C., need not be taken into consideration here, since cells which contain no starch 
are also killed by a rise of temperature above 50' G. 1 

2. Freezing, or the destruction of cells by the solidifying of the water contained in 
them into ice and by the subsequent thawing of the latter, depends also mainly on the 
quantity of water in the cells. Ait -dry seeds appear to be able to withstand any 
degree of cold without injury to their power of germination ; the winter-buds of woody 
plants the cells of which contain a great quantity of assimilated substances but only a 
small quantity of water, stand the cold of winter and frequent rapid thawing; while 
the young leaves at the time of their unfolding in the spring succumb to a slight night- 
frost. An at least equally important condition lies however in the specific organisation 
of the plant; varieties of the same species frequently differing in their power of resist- 
ance to cold and thawing. Some plants, like Mosses, Hepatic®, Lichens, some Fungi 
of a leathery texture, the Mistletoe, &c., appear in particular never to freeze; Pfitzer 
states that the Navieule® freeze between - io n and - 20° G. and continue to live after 
thawing ; while many flowering plants from a southern climate are killed by rapid 
changes of temperature near the freezing-point a . Schmitz (Linnaea, 1843) observed that 
an Agaricus fascicularis which had been frozen stiff grew after thawing. 


1 The statements of Wiesner ^Sitzungsber. der M ien. Akad. 1871, Oct , vol. LX1V. pp. 14, 15) 
I am unable to understand. A variety of recent statements as to the high temperatures which the 
spores of Fungi arc said to be able to resist without losing their power of germination are so 
incredible and require such critical sifting that I pass them by altogether. 

* On the minimum of temperature which vegetation can in general bear see Gbppert, Bot. 
Zeitg., 18/ nov 4 and 5 : [also Bot Zeitg. 1875.J 



732 GENERAL CONDITIONS OF PLANT-LIFE. 

Whether the tissue of a plant can be killed simply by the solidifying of the water 
contained in its cells into crystals of ice is uncertain ; while on the other hand it is un- 
questionable that in a great number of plants death is caused only by the mode in which 
the thawing takes place. The same tissue which retains its vitality if thawed slowly 
after the freezing of the water of its cell-sap, becomes disorganised if thawed rapidly 
after exposure to the same degree of cold. Death is therefore caused in these plants 
not by the freezing but by the thawing 1 . 

When ice is formed in the tissues of a plant, two points must be taken into con- 
sideration. The water, when about to freeze, is on the one hand contained in a mixed 
solution, the cell-sap ; on the other hand it is retained by the force of cohesion as water 
of imbibition in the micellar interstices of the cell-wall and of the protoplasm. Now it 
is an established fact in physics that a solution when freezing separates into pure water 
which solidifies into ice and a concentrated solution with a lower freezing-point \ When 
therefore a portion of the cell-sap-water freezes, the remainder df the cell-sap becomes 
more concentrated ; and chemical changes may possibly be induced, as RUdorff has 
shown, by new combinations actually arising in a freezing solution. How far this 
circumstance must be considered in the destruction of cells by freezing and thawing is 
not yet decided. 

What ta^es place in the freezing of a saturated organised body capable of swelling up 
is somewhat similar to that which occurs in a freezing solution. In this case also, when 
the temperature falls to a certain point, only a portion of the water freezes; the rest 
remains as water of imbibition between the micella’ of the body, which contracts, while 
the freezing portion of the water of imbibition separates to form ice-crystals. This 
phenomenon happens in a striking manner in starch-paste ; a homogeneous* mass before 
freezing, it has the appearance after thawing of a spongy coarsely porous structure, the 
water running olf clear from its large cavities. The behaviour of eoagulated albumen on 
thawing is exactly the same. In these eases a permanent change has clearly been 
brought about by the freezing of a portion of the imbibed water; the molecules of the 
substance which group themselves into a network containing but little water when ice is 
formed in paste or coagulated albumen, on thawing no longer combine with the portions 
of the water which separated from them on freezing into a homogeneous whole ; the 
thawed paste is in fact no longer paste. 

When living succulent tissue freezes, a portion only of the water separates and 
freezes as pure water, the rest remaining as water of imbibition in the protoplasm and 
the cell-walls, at least as long as the temperature does not sink very low. In leaves 
and succulent stems frozen at a temperature between - 5 0 and - io° C. it is easily seen 
that only a portion of the water is present in the form of crystals of ice ; another portion 
permeates the cell-walls which are not rigid but still flexible. If the congelation takes 
place slowly, the water assumes on the surface of the succulent tissue the form of a 
coating of ice consisting of densely crowded small crystals. These crystals stand at 
right angles to the surface of the tissue, and increase by growth at their base. A 
very large portion of the water of a tissue may in this way take the form of a coating 
of ice, while the tissue, becoming less watery, contracts in proportion 1 , .and loses its 


1 The correctness of this statement is sup] toiled by n careful seiics of observations which I 
communicated to the konigl. sachs. Gcsellsch. dcr Wissensch. 1S60, On the formation of crystals, 
&c., and which wall be found also in the Landwirlhschaftliche Vcrsuchsstationen, 1860, Heft. V. 
p. 167, and in iny Handbook of Experimental Physiology. 1 do not find that Goppert’s objections 
(Bot. Zeitg., 1871, no * 2 3 4 ) affect my results; to his experiment on Calanthc veratrifolia quite a 
different explanation can be given from that suggested by him. 

u Rudorff, Pogg. Ann. 1861, vol. CX 1 V. p. 63 ; and 186.2, vol. CXV 1 . p. 55. 

3 When this contraction operates unequally on different sides of a leaf or branch, it is easy to sec 
that curvatures must result which arc indeed actually frequently observed. The splitting of the 
trunks of trees in consequence of host is probably only the result of changes of this nature. 
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turgidity. This phenomenon is seen with remarkable clearness in the large leal-stalks 
of Cynara Scolymus when they freeze slowly. The succulent parenchyma separates 
from the epidermis, which surrounds the former like a loose sack ; the parenchyma itself 
splits apart in the interior so that each fibre- vascular bundle is enclosed in an envelope 
of parenchyma. Fig. 473 shows how the coatings of ice project from the masses of 
parenchyma. From pieces of the leaf-stalk which weighed 396 grammes I have collected 
99 gr. of ice, which, when evaporated to dryness after thawing, left only slight traces 
(about o* r p. c.) of solid substance. I have often observed similar phenomena in other 
plants ; the formation of ice is however not so regular as here. In the cavities of the 
ruptured tissue (as in the succulent stems of the Cabbage) small irregular flakes of ice are 
formed; sometimes the ice splits the epidermis and projects in the form of combs above 
the surface cf succulent stems (Caspary). I have already shown elsewhere 1 that when 
sections of succulent parts of plants (such as the Beet) are protected from evaporation 
and allowed to freeze slowly, continuous coatings of ice are produced on the surfaces of 
the section, consisting of prisms growing at the base. The formation and growth of 
these ice-crystals may be explained in this way. The temperature of the tissue falls to 
a certain point, thereby causing the freezing of an extremely thin stratum of water 
which overspreads the outside of the uninjured cell-walls. A new very thin stratum of 
water then immediately passes out of the cell-wall to its surface and also freezes, 



rif,. 47^ — Trans vrrsr section of a slowly fiwcn li* tl stalk ol <_ v«.mr Scofvmm : f the d< t lied epidermis ; p- the 
parenchyma in which lie the transverse set turns of the fibio-vasculai bundles (left white). It forms a tuuyb but pliant 
mass, winch is ruptured dm my the pmeess of freeriny , a peripheral layer has bet nine separated from the inner parts 
which surround the bundles; the surf.u t* of each portion of the parenchyma is covered with n crust of ice A'A'ion- 
sistmy df densely crowded pi isms (the cavities of the ruptured tissue are left black in the liyuie). 


thickening the stratum of ice already formed ; and thus it goes on. The cell-wall 
is constantly absorbing cell-sap-water from within, and at the same time allows the 
outermost molecular stratum of its water of imbibition to freeze. The first thin layers 
of ice on the exterior of the uninjured cells form polygonal plates in contact with one 
another; each plate becomes a prism by growth on its lower side; and the closely crowded 
prisms form a coating of ice which easily crumbles. These processes cause tbe cell-sap 
to become a more and more concentrated solution, while the cell-wall and the protoplasm 
contain a gradually diminishing quantity of water. It can now be to a certain extent 
understood why a rapid thawing kills the cells, while a slow thawing does not ; for if the 
thawing take place slowly, the ice-crystals melt at their base where they touch the cell ; 
the water as it becomes fluid is at once absorbed into the cell; and the original con- 
ditions of the cell-sap, cell-wall, and protoplasm may be re-established, if they have not 
been permanently impaired during the freezing. If on the contrary the coating of ice 

1 Sachs, Formation of Crystals in the Freezing, and change of the Cell-walls in the Thawing of 
♦Succulent Farts of Plants (Berichl der kon. sachs. Gcs. der Wiss. i860). I have already mentioned 
in the first edition of this work the formation of crystals in the interior of frozen plants described 
above, and applied it to the explanation of freezing. Prillieux (Ann. dcs Sci. Nat. vol. XII. p. 128) 
afterwards, in 1869, also described similar phenomena in a variety of plants. 
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melt off very quickly, a portion of the water runs into the interstices of the tissue 
before it can be absorbed ; the original normal degree of concentration of the cell-sap 
and degree of imbibition of the cell-wall and protoplasm cannot be re-established in the 
cells; and this, depending upon the chemical nature of the substances dissolved in the 
cell-sap and upon the conditions of the micellar structure of the protoplasm and of the 
cell- wall, may be fatal. It is evident, on the view here taken, that the danger of freezing 
increases with the amount of water in the tissue ; for the less watery the tissue the more 
concentrated is the ccll-sap and the larger is the proportion of water retained by the 
force of imbibition ; only a small portion of the water can therefore form ice-crystals, 
and when they thaw the injurious effects are not so great. 

We can now also understand w'hy some plants are killed by being thawed too quickly 
when they have been frozen by very severe cold, while freezing by a moderate amount 
of cold is not injurious to them ; for the lower the temperature falls the larger is the 
proportion of the cell-sap and water of imbibition that is converted into ice ; the dis- 
turbance of the degree of concentration of the sap and of the imbibition of the cell- 
wall is always greater with the increase of the cold ; and therefore the restoration of 
the normal condition on thawing more difficult. That the splitting asunder of whole 
masses of Hssuc during freezing such as has been described has but little effect on the 
continuance of the life of the organ after thawing, is shown by the fact that even the 
leaf-stalks of the Artichoke, the frozen state of which is represented in Fig. 473, remain 
uninjured till the following summer if thawed slowly. These internal rupturings have 
as little to do with the sudden destruction of the life of the cells from cold as the splitting 
of the trunks of trees caused by frost, which, when the temperature falls very low, is 
produced by the contraction of the bark and outer layers of wood, the crevices again 
closing when the temperature rises. 

The idea that growing plants, especially those which require a high temperature for 
their growth, can be directly killed by the cooling of their tissues for a short time nearly 
to the freezing-point is shown by H. de Vries’ experiments (/. r.) to be fallacious. The 
older observations of Bierkander and Hardy that some plants of this description (c.g. 
Cucurbitacca*, Impatient, the Potato, Bixa Orellana, Crcscrntm Cujete , Sic.) freeze when 
exposed to the air at low temperatures above the freezing-point, may nevertheless be 
explained if it is recollected that the temperature of their tissues may fall below the 
freezing-point from radiation, even when that of the air is 2” or 3" or even 5" G. above 
it. But there is another way in which low temperatures above zero are injurious to 
plants from southern climates, *»/«. when the soil about the roots remains for a consider- 
able time at this low temperature while the leaves continue to transpire. In this case 
the absorption of water through the roots becomes so slow that they are no longer able 
to replace the loss caused by evaporation from the leaves, which in consequence wither, 
and at length altogether dry up. It is then sufficient to warm the soil about the roots, 
in order to revive the withered leaves ; as 1 found in the case of plants of A ficotiana, 
Cucurbits!, and Pbaieolus grown in pots 1 . In England the branches of a Vine which 
were made to grow into a hothouse, while the roots stood in the ground outside, withered 
in winter, evidently only from the low temperature of the ground ; for when this was 
watered with warm water, the branches in the hothouse recovered. 

3. Among the changes caused in plants by long-continued depression of temperature, 
one of the most striking is the change in colour of leaves which persist through the 
winter, originally observed by Molil*, and recently more minutely studied by Kraus 3 . 

1 Sachs, in Landwirthschaftlichc Versuchsstationen, 1865, Heft V. p. 195. 

u Mohl, Vermischte Sehriftcn ; Tubingen, 1845, p. 375, 

3 Kraus, Observations on the winter colouring of evergreen plants; in the Sitzungsher. der 
phys-med. Soeietat zu Erlangen, Dee. 19, 1871, and March 11, 1872; also Bol. Zeitg.. 1874. 
[Batalin has shown (Bot. Zeitg., 1874b and his observations have been confirmed by Askenasy 
(Hot. Zeitg, 1875), that this change of colour is due rather to the influence of light than to that 
of cold J 
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This change is of two kinds; the leaves either merely lose their colour and become 
brownish, yellowish, or rusty brown, as in Taxus , Abies , Pinus , Juntperus , and Buxus ; or 
turn a decided red on the upper surface, as in Sedum } Sempervi*vum , Ledum , Mahomet , 
Vaccinium , &c. The loss of colour of the first group depends, according to Kraus, on 
a change in the chlorophyll-granules, which lose their form and definition, a cloudy 
mass of protoplasm of a reddish brown or brownish yellow colour being formed, while 
the nucleus of the cell remains colourless. These changes are usually more complete 
in the ‘pallisade cells * on the upper side than in the parenchyma which lies deeper. 
A spectroscopic examination shows that of the two pigments, a mixture of which forms, 
according to Kraus, the colouring substance of chlorophyll, the golden-yellow one 
remains unchanged, while the spectrum of the bluish-green substance undergoes a 
slight change: 

The winter-leaves of the second group, which are coloured red or purplish-brown on 
the upper side, owe this colour to a rounded hyaline strongly refractive mass lying in 
the upper part of the pallisade-cells, which appears of a beautiful carmine-red where 
the leaves are red, but elsewhere of a pale-yellow, and consists mainly of tannin. The 
chlorophyll-granules, intact and of a beautiful green, are ail crowded together in the 
inner end of these cells. In the spongy parenchyma of the mesophyll a colourless or red 
mas'* of tannin occurs in the centre of each cell, while the chlorophyll-granules, also 
intact, are collected in roundish or irregular lumps, sometimes in one place, sometimes in 
several, but always on the sides towards the adjoining cells. In these cases the colouring 
matter of the chlorophyll is unchanged with regard to either of its constituent pigments. 
The red-colouring matter is soluble in water, and cannot be distinguished by spectrum- 
analysis from the red colouring substances of flowers. 

In all leaves which persist through the winter, and in the green parts of bark, Kraus 
found that the chlorophyll-granules had removed from the walls to the interior of the 
cell, and had collected there in lumps (see Sect. 8). When the weather has become 
sufficiently warm in the spring, the normal condition is restored; the red colouring sub- 
stance disappears, and the chlorophyll-granules again take up their normal position on 
the cell- walls. Kraus shows that the winter change of the leaves depends on the fall of 
the temperature, since it is restored to the normal state by a simple rise in the tempera- 
ture, whether in the dark or the light. By taking cut branches of Box into a warm 
room when the cold was severe and placing them in water, he found that the proto- 
plasm of the cells, which had become homogeneous after one or two days, collected on 
the walls, and then divided into grains (as in the formation of chlorophyll-granules in 
the dark) ; the red colouring matter being changed first to a yellowish-green and 
finally to pure green. After the lapse of three, five, or at most eight days, the walls of 
the cells became lined with bright green sharply-defined chlorophyll-granules. In 
Thuja the process required two to three weeks (with me however only a few days). 
7'he restoration is therefore rather a slow process; while, according to Kraus, a single 
frosty night suifices to bring about the change in the form and colour of the chloro- 
phyll-granules in the case of Buxus , Sabina , and Thuja . That light has no share in the 
restoration of the normal condition of the chlorophyll is shown by the fact that it 
takes place also in branches which are kept in a dark room. On the other hand, the fact 
that the parts protected by being covered by other leaves show no change of colour 
would seem to indicate that the whole phenomenon has less to do with the low tempera- 
ture of the air than with the cooling produced by radiation. 

4. Convenient contrivances for observing the action of particular higher or lower 
temperatures on plants or parts of plants of considerable size are easily arranged 1 . 
It is more difficult to expose microscopic objects to a particular higher or lower 
temperature in such a manner that it can easily and certainly be observed, and that 
the temperature of the object is also that indicated by the thermometer, or nearly so. 


Sec Sachs, Tlandb. der Exp. Pins. pp. 64. 66. 
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All these requirements are fulfilled by the very cheap heating apparatus for the micro- 
scope represented in Fig. 474. Since I have not only made great use myself of this 
apparatus for three years, but have also recommended it to others, a description is the 
more in place here as it is well adapted for demonstrations in lecture-rooms. 

The size of the heating apparatus must vary with that of the microscope ; mine is 
constructed for one of Hartnack’s ordinary instruments. The box is nearly cubical, and 
has double walls of sheet-zinc at the bottom and sides, enclosing a space 25 mm. thick, 
which is filled with water through the hole /. It is quite open above; but in the front 



I- It. 474 —Heating apparatus for the microscope. 


side-wall is an opening /, which is closed by a glass plate well fitted but not other- 
wise fixed. This window is sufficiently large, and is so placed that it allows enough light 
to fall on the mirror of the microscope which stands in the box. The height of the 
box is so arranged that the upper rim of the double wall is on a level with the arm b of 
the microscope. The opening of the box is closed by a thick cardboard cover d d , in 
which an opening is cut exactly to fit the arm b. By the side of the tube of the micro- 
scope a round hole is cut in the cover through which a closely fitted small thermometer 
/ is passed, so that its bulb hangs near the object. The box is painted on the inside 
with black varnish, and a piece of cardboard moistened with water lies beneath the foot 
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of the microscope in order to prevent its moving and to keep the air within moist. 
The focus is easily adjusted to the object by means of the fine adjustment j which pro- 
jects above the cover; two openings in the side, one of which is shown at 0 , enable 
the slide bearing the object to be moved, when necessary, by a pair of forceps. It is 
still more convenient to fix the slide on a wire which goes through a cork fitted to the 
opening 0 . 

If observations are required at a high temperature, the water in the box is heated 
by a spirit-lamp placed underneath. When the temperature has reached nearly the 
desired point, the spirit lamp is replaced by an oil-lamp with a floating light ; the tem- 
perature will after a time become constant. In order to obtain higher or lower constant 
temperatures, one, two or three floating night-lights are placed in the lamp. If care is 
taken that the combustion be uniform, the temperature in the box remains for several 
hours so constant that it will vary only about i° C. This constancy of temperature 
ensures that the temperature of the object itself is that indicated by the thermometer. 

It is easy by means of this heating apparatus to observe and demonstrate the influence 
of temperature on protoplasm-currents. To take observations at low temperatures it 
is sufficient to enlarge the hole /, in order from time to time to place pieces of ice in the 
cold water 1 . 

Sect. 8. — Action of Light on Vegetation 2 . A. General. The entire life 
of the plant depends on the action of light on the cells that contain chloroph) 11, this 
being the essential condition under which new organic compounds are formed out 
of the elements of carbon dioxide and water. The amount of oxygen evolved in 
this process is nearly the same as that required for the combustion of the substance 
of the plant ; and the amount of work equivalent to the heat produced by this com- 
bustion gives a measure of the amount of work performed by light in the chloro- 
phyll-containing cells of the plant. 

After a certain quantity of assimilated substance has been produced under the 
influence of light, a long series of vegetative processes may be carried on at its 
expense without any further direct action of light. The growth of new organs and 
the metastasis connected with it kept up in the organs by means of respiration is 
entirely or to a certain extent independent of light, and can even be carried on in 
absolute darkness. This is the case in the germination of seeds, bulbs, and tubers, 
the development of buds from woody branches and underground rhizomes, &c. 
Even leafy plants which have accumulated a sufficient quantity of reserve-material in 
the light put out shoots and even flowers and fruits when placed in the dark. 

As the parts of chlorophyll-containing plants which are underground or other- 
wise excluded from light are nourished by the products of assimilation produced in 
the light, so also parasites and saprophytes destitute of chlorophyll live, as has 
already been explained, on the work performed by plants that contain chlorophyll, 
and are therefore dependent indirectly on light, even though the whole of their 
development may be completed in darkness, as in the Truffle; in other instances 
they only emerge to unfold in the air the flowers already formed underground, and to 

1 [For further arrangements for maintaining a constant temperature under the microscope, see 
Strieker and Buvdon-Sanderson, Quart. Journ. Micr. Sci. 1870 ; Schafer, ibid. 1874.] 

2 A. P. De Candolle, Physiologic vegetale, 1832. — Sachs, Ucber den Kinfluss des Tages-liehtcs 
auf Neubildung u. Kntfallung verschiedener Pflanzenorganc ; Cot. Zeitg. 1863, Supplement. — Sachs, 
Wirkung des Lichtes auf die Bluthenbildung u. Verniittlung der Laubblalter; Cot. Zeitg. 1865, 
p. 117. — Sachs, llandb. der Exp.-Phys. 1863, p. 1. 

3 » 
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disseminate their seeds, as is the case with Limodorum abortivum , Epipogium , Coral - 
lorhiza , Momimpa , Lathnra , Orobanche , &c. Even many plants which do contain 
chlorophyll and which live on inorganic food complete their growth and the pro- 
cesses connected with it in complete darkness, only putting forth their green leaves 
at certain times for the purpose of again accumulating beneath the ground fresh 
formative material. This is the case with the Autumn Crocus, Tulip, Crown Imperial, 
terrestrial Orchids, and many others, and especially with plants which form bulbs, 
tubers, and rhizomes. If the growing end of a stem of a green-leaved plant (e. g. 
Cucurbita , Tropaolum , Ipomcca . or Hcdcra) is secluded from all light while the 
green leaves remain exposed to it, the buds develope in the dark ; leaves and flowers 
are produced, which latter attain their full size and beauty of colour, arc capable 
of fertilisation, and produce fruits and even fertile seeds at the expense of the 
substance assimilated in the light in the green leaves and carried to them by the 
stem. 

These and a number of other facts show that growth, t. c. the processes by 
which the form of the plant is attained, and metastasis are not necessarily dependent, 
or only to a subordinate extent, on the influence of light, if only the necessary 
quantity of assimilated material has previously been accumulated. 

This is a general statement of the case. If however the various separate 
processes of vegetation arc observed — the behaviour of protoplasm, the formation, 
arrangement, activity, and destruction of chlorophyll, the growth of the younger 
and older parts, the movements resulting from the tension of the tissues, &c. — 
a long scries of very varied facts presents itself which require detailed consideration, 
because the rays of different refrangibility which are mingled in white daylight 
affect vegetation in a manner altogether different ; certain functions are induced 
only by the highly refrangible rays, others only or chiefly by those of lower refran- 
gibility. These effects moreover vary not only with the temperature but also with 
the intensity of the particular rays. Finally it must be obseived that light affects 
plants only when its rays penetrate into their organs; this however modifies their 
intensity and to a certain extent also their refrangibility. In every investigation of 
the action of light these j joints must therefore be kept in view. The following 
summarises what is at present known as to the general facts. 

(1) Action of rays of differ nit refrangibility. The rays of different refrangibility 
commingled in white sunlight which appear as variously coloured bands in the 
spectrum vary in their physiological action on the processes of vegetation. Chemical 
changes, so far as they are in the main dependent on light, arc produced chiefly 
or solely by rays of medium or low refrangibility (viz. the red, orange, yellow, or 
green). This is the case for instance with the production of the green colour of 
chlorophyll, the decomposition of carbon dioxide, and the formation in chloro- 
phyll of starch or sugar. 

On the other hand the rays of high refrangibility (the blue or violet, as well 
as the invisible ultra-violet rays) are the principal or the only ones which produce 
mechanical changes so far as these are dependent on light. It is these rays which 
influence the rapidity of growth, alter the movements of the protoplasm, compel 
swarm-spores to adopt a definite direction in their motion, and change the tension 
of the tissues of the motile organs of many leaves and hence affect their position. 
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These two laws, the result of careful observation, are only in apparent 
contradiction to the division of the rays of light which is current in chemistry 
and physics into those called chemically active, including the highly refrangible 
blue, violet, and ultra-violet, and the chemically inactive, or at least less active, 
including the less refrangible red, orange, and yellow, and partly also the green 
rays. This division has long been familiar; silver- salts, nitrogen chloride, and 
other inorganic compounds, are powerfully acted on by the former, scarcely at 
all by the latter. But when it was shown that the organico-chemical processes 
in plants were caused mainly or solely by the latter kind of rays, it was seen that 
this classification into chemical and non-chemical rays resulted from an imperfect 
induction, and that the correct statement of the fact is rather that there are chemical 
processes (generally dependent on light) which are related to rays of particular 
refrangibility. As far as concerns the mechanical effect on the plant of the highly 
refrangible rays, it is at present uncertain whether they are not ultimately due to 
chemical changes. In any case the action is visible to the observer only in the 
form of mechanical effect (movements, tensions, &c.); and this is in harmony 
with the classification given above. 

If sunlight is made to pass through sufficiently thick strata of solutions of 
potassium bi-chromate and ammoniacal copper oxide 1 , the first only permits the 
passage of light consisting of the less refrangible half of the spectrum (red, orange, 
yellow, and some green), while the blue solution allows, in addition to some green, 
only the blue, violet, and ultra-violet rays to pass through. The sunlight is therefore 
in each case halved by absorption in sue!) a way that the spectrum beneath the 
orange solution extends from the red to the green, that beneath the blue solution 
from the green to the ultra-violet. If the light after passing through one or other of 
these fluids is directed on plants capable of decomposing carbon dioxide and of curving 
heliotropically, and pieces of very sensitive photographic paper are at the same time 
exposed by their side, it is seen that the less refrangible rays of light (transmitted 
through the potassium bichromate) effect the decomposition of carbon dioxide and 
the colouration and decolouration of the chlorophyll almost as energetically as white 
daylight, while they produce only a very slight effect on the photographic paper. 
The growth of seedlings, on the other hand, proceeds in this light exactly as in the 
dark, although the leaves turn green. Conversely the light which has passed through 
the ammoniacal copper oxide has very little effect in decomposing carbon dioxide, 
although the action on photographic paper is very vigorous. The growth of seed- 
lings is on the other hand the same as in white light ; and the mechanical process of 
heliotropic curvature is very manifest. A number of more recent observations have 
confirmed and extended the results previously obtained 2 3 . 

(2) Variation in the action of light on plants in proportion to its intensity s . That 


1 Sachs, Bot. Zeitg. 1864, p. 153 et seq., where the labours of previous observers are referred to 
in detail. 

2 I have replied, in the second part of the ‘ Arbeiten des botan. Inst, in Wur/lnirg,’ 1872, 
to the objections urged by Prillieux to this statement, which rest on an entire confusion of the 
ideas Intensity of Light (objective), Brightness (subjective), Refrangibility (an objective), and Colour 
(a subjective) property of light. 

3 With respect to the distinction which must here be borne in mind between the objective 

3 11 2 
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the action of light on plants varies with its intensity, as that of temperature with its 
elevation, does not admit of a doubt, and is obvious in all physiological observations. 
There can scarcely be said, however, to be any exact investigations on this point ; 
and the great obstacle to their accomplishment is that we have at present no method 
of measuring the intensity of rays of light of any particular refrangibility in terms of 
a fixed unit which can be applied to plants. As far as concerns the highly refran- 
gible rays, i. e . those which have the greatest mechanical effect, we are compelled to 
adopt the photo-chemical method of Bunsen and Roscoe 1 , which however gives no 
information respecting the different intensity of the red, orange, and yellow light, 
and can only be applied with great difficulty to experiments on vegetation. In the 
photometry of the less refrangible toys, on the contrary, we must always have 
recourse, according to the ordinary method, to the sensitiveness of the eye, t\ e. to 
brightness, which cannot be considered in itself to be an actual objective measure of 
the intensity of the light, though it may be assumed under certain circumstances 
that increase or diminution of subjective brightness corresponds to increase or 
diminution "'of objective intensity. In describing the relation between the intensity 
of light and vegetation, we have therefore at present, with a few exceptions, to 
employ the ordinary expressions dark, dull, bright, dazzlingly bright, &c., and to 
assume that they correspond to certain objective intensities. There is one case in 
which this relation between the subjective sensitiveness of the eye and the action 
upon vegetation of the light which causes it can be very strikingly proved ; Pfeffer 
has shown that the curve of the subjective sensitiveness of the eye for the colours of 
the solar spectrum coincides exactly with the curve expressing the power of different 
regions of the spectrum in decomposing carbon dioxide 2 . This coincidence must 
however at present be considered purely accidental \ and cannot be extended to 
other phenomena. If the sunlight or diffused daylight which reaches the observer 
were always of the same intensity, it would be easy to regulate artificially, according 
to definite gradations, the intensity of the light that acts on the plant. But since the 
light of incandescent bodies (such as the Drummond's light 4 ) contains the same 
rays as sunlight and acts similarly on the functions of plants, constant sources 
of light of a definite intensity can in this way be arranged, which will admit of 
gradual adjustment, in order to study the influence on vegetation of light of different 
intensities. 

If we now turn to the observations on record, those of Wolkoff are the only 
ones in which actual measurements have been made. With the assistance of 
the photometric method contrived by Bunsen and Roscoe ft , he showed first of 
all that changes in the intensity of the highly refrangible light do not stand in 
any appreciable relation to the exhalation of gas by water-plants. This is an 


intensity of light and its brightness to the eye, see the paper cjuolccl above and the literature there 
referred to. 

* See the admirable paper by Wolkoff in the Jahrb. fur wiss. Bot. vol. V. p. i. 
a Pfeffer in Sitzungsber. der Ges. zur Befoi derung der ges. Nalurwiss. fur Marburg, 1873, 
May 16. 

3 Sec note on p. 747. 

4 See Herve Mangon, Comp. rend. iSfii, p. 243. — Piillicux, ibid. 1869, p. 408. 

5 Bunsen and Roscoe, Pogg. Ann. vol. 108. 
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additional proof that these rays play only an extremely small part in this process, so 
small indeed that in the experiments the actual effect might be concealed by other 
causes (see p. 744). He next used as the source of light a dull glass plate 
illuminated by daylight, at different distances from which he exposed the plants 
( Ceratophyllum , Potamogeton , Ranunculus fluitam ) in a dark room; and he ascer- 
tained that the exhalation of gas was, within certain limits, nearly proportional to 
the intensity of the light l . There is probably however some particular intensity of 
the efficient rays at which a maximum of gas is exhaled, and above which the 
rapidity of the process again decreases and the plant suffers injury; but whether 
this maximum intensity of light is attained or exceeded by the sunlight as it falls 
on the surface of the earth cannot at present be determined. In reference to 
the smallest degree of intensity of light at which exhalation of gas can still take 
place, we have only the statement of Boussingault that a leaf of Oleander ceased 
to exhale oxygen after sunset 2 . 

The green colour of the chlorophyll of Monocotyledons and Dicotyledons is 
not produced in the dark, as may be seen by enclosing plants in closely shutting 
boxes of wood or metal, or in a dark cellar. The colouration begins however 
when the amount of light is barely sufficient to read a book by ; and when it in- 
creases to the ordinary brightness of a sunny summer day, the rapidity of the 
change increases, and the colour becomes a deeper green than that produced 
when plants are placed for a longer time in places not so strongly illuminated. 
Faminlzin nevertheless showed 3 , in the case of Lcpidium sativum and Zea Mats, 
that bleached seedlings become green more slowly in direct sunlight than in dif- 
fused daylight. 

The small intensity of light which suffices for the formation of chlorophyll is 
not sufficient for assimilation or for the formation of starch in the chlorophyll- 
granules. Plants (such as Dahlia , Faba, Phasrolus , Cucurbita , &c.) which rapidly 
become green in the normal condition of full daylight, as well as in the diffused 
light of the back of a room, still form no starch in their chlorophylbgranules. They 
do however produce starch when placed in a window where, at the most, they enjoy 
but half the direct sunlight and diffused daylight ; but, in harmony with this, the 
assimilation of these plants is much less active in the window than in full daylight in 
the open air 4 . The following experiment gives a somewhat more precise result. 
Four plants of Tropcvolum majus grown from seed in the back of a room, all gave, 
when dried at no°C., a smaller weight than the seed; they had not assimilated, 
and died after consuming the reserve-material, although in the shade of the room 
they all produced green leaves. Four other plants of the same species which 
germinated at the same time grew for three months, exposed for only seven hours 
each day to the diffused light of a west window in the forenoon ; they formed 
nearly 5 grammes of dry substance. Four other plants which were exposed in a west 
window from 1 p.m. till the following morning, and therefore to the afternoon sun- 
shine, produced also only 5 grammes ; while four other plants which stood in the 

1 See also Pfefler, Arbeitcn dcs bolan. Inst, in Wurzburg, Heft I. p. 41. 

a Comp. rend. veil. 68. p. 410. 

n Faminlzin, Melanges biologiques ; Pctcrsbourg, vol. VI. p. 94, 1866. 

4 Sachs, Bot. Zeitg. 1862, No 47 ; and 1864, p. 289 et seq. 
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window during the same time day and night produced nearly twenty grammes of 
dry substance \ It is a necessary conclusion from the increase in weight of these 
plants, that in the diffused daylight of the window of a room carbon dioxide is 
decomposed by the cells which contain chlorophyll, and that this does not take 
place with great activity. The same conclusion is drawn from the observation that 
Vallisneria spiralis and Elodea canadensis give off bubbles of gas when the light hills 
on them for only a rather short time from the northern sky on a clear day, although 
the exhalation is much more rapid in direct sunlight. In the case of most plants 
which grow in full daylight, especially our cultivated plants, the increase of weight 
by assimilation is greatly diminished when they are grown in a window. Within 
a room itself they usually become exhausted by their own growth in consequence 
of the defective assimilation, which is not sufficient to replace the material con- 
sumed in growth and in respiration ; and the plant ultimately dies. Many Mosses 
on the other hand, and wood-plants of various kinds which grow in the deep shade 
(as the Wood- Sorrel), are killed by constant exposure to broad daylight ; but 
whether in these cases it is the intensity of the light or the transpiration that is too 
great, and which of the two is the direct cause of injury, is unknown. Stems which 
attain an enormous length in complete darkness remain perceptibly shorter in the 
shade of a room ; in a window their growth is still less, and least of all in the open 
air in full daylight. The reverse is the case with the leaves of Dicotyledons and 
Ferns; in the dark they are often very small; in deep shade they are considerably 
larger, and still more so in a light window ; in this position they even appear in 
many plants (Phascolus, Begonia, &c.) to attain their maximum of superficial de- 
velopment, remaining smaller in the open air 1 2 . 

(3) Penetration of the rays of light into the plant. In order to determine the 
dependence on light of certain phenomena of vegetation, it is of special interest to 
know the depth to which rays of a given refrangibility can penetrate any tissue 
of a plant, and the intensity with which the different elements of daylight act on 
particular internal layers. With the exception of the underground parts of plants, 
stems enveloped in bark, young organs enclosed in leaf-buds, and the like, which 
are in complete darkness, the assimilating and growing organs are penetrated by 
light. The deeper the light penetrates, the more does it lose in intensity by ab- 
sorption, reflexion, and dispersion. This loss however affects the different elements 
of white light in very different degrees, as was shown by my investigations made 
in 1859 3 , at present the only ones on this subject. The rays of greatest re- 
frangibility are in general almost entirely absorbed by the superficial layers of 
tissue, while the red light penetrates most deeply. Of successive layers of an 

1 Sachs, Exp.-Phys p. 21. It must however be observed that the shorter the duration of the 
light in these cases, the longer was the time of their exposure to the dark in which they again lost a 
portion of the assimilated substance by respiration. 

a The statement made by Famintzin (Mel. biol. vot. VI. p. 73, 1866) that the motile Algne, 
Chlamydomotias pulvi^culus, Euglena viridis, and Oscillator ia insignia turn both from direct sunlight 
and deep shade to a light of medium intensity, is contradicted by Schmidt (quoted infra), who found 
that they always turn to light of greater intensity, and even to direct sunlight. The method of 
ubscivation of both authors was however very imperfect. [See also p. 752.] 

s Sachs, Ueber die Durchlcuchtung dcr rflanzenthcile ; Sitzungsber. der Wien. Akad. i860, 
vol 43; an*! llandb. der Exp. Phys. p. 6. 
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apple, gourd, succulent stems, &c. only the outermost receives the light that falls 
on it unchanged (independently of the reflexion from the surface); each deeper 
layer is penetrated by light less intense than the preceding one, and of a different 
composition. This change in the light which penetrates the tissue is principally 
caused by colouring materials, especially chlorophyll, which have an absorptive 
power for particular groups of rays, allowing others to pass through, and producing 
in addition rays by fluorescence which were not contained in the incident light. 
But the relations of these changes of light in the tissues to the changes which 
the light causes are not yet accurately known; not even in reference to chloro- 
phyll, to which we shall again recur. What we have now said is intended only 
to draw the attention of the student to the subject ; more exact investigations 
must be made in working out the different questions which arise. 

B. Spkcial. (i) Chemical Action of Light on Plants . (a) Formation of Chloro- 

phyll'. In the formation of the chlorophyll-granules the protoplasm becomes 
differentiated into a colourless continuous pdrt which forms the proper motile pro- 
toplasmic body of the cell, and into smaller distinct green portions which amain 
imbedded in the former, the chlorophyll-granules. This process, as far as concerns 
the differentiation, is independent of light, at least in flowering plants, wlvrc the 
chlorophyll-granules are formed in the cells of the leaves even in the dark. The 
chemical process, on the contrary, by which the green colour is produced has 
a complicated dependence on light. If, for instance, the temperature is sufficiently 
high, the green colouring substance is formed in the cotyledons of Conifers and 
in the leaves of Ferns in complete darkness as well as under the influence of light 
In Monocotyledons and Dicotyledons, on the contrary, the chlorophyll-granules 
which are formed in the dark remain yellow 8 , until they are exposed to light even of 
small intensity, when they become green if only the temperature is sufficiently high ; 
and the nearer, as I have shown, the temperature approaches a definite maximum 
(25 to 30°C.) the quicker does the chlorophyll of Angiosperrns become green in the 
light. Provided therefore that the temperature is favourable, the chlorophyll in 
the cotyledons of Conifers and the leaves of Ferns docs not require light in order 
to assume its green colour; while that in Angiosperrns does require it; and in both 
cases the change does not take place at a low temperature (see p. 729). It may be 
added here that the subterranean pirotoncma of Mosses contains chlorophyll, though 
but in small quantity. 

It may be concluded from such observations as have been made that all the 
visible parts of the solar spectrum have the power of turning the etiolated chlorophyll- 

1 Sachs, Hot. Zeilg. 1862, px 365, and Exp.-l’hys. p>p. 10 and 318.— Sachs, Flora, 1862, p. 213, 

and 1864, no. 32. — Mold, Bot. Zeitg. 1861, p. 238. — Bohm, Silzungsber. der Wiener Akad. voi. II. 
Compare also Book I. sect. 6 of this work. v 

2 1 \ Schmidt (Ueber einige Wirkungcn des Lichts auf Pflan/en ; Dissertation, Breslau 1870, 
p. 22) believes that these facts can be at least partially combated; but his experiments only prove 
that the chlorophyll which is formed in the dark is again destroyed by long exposure to dark at a 
high temperature (33*7° C.), as is also the case with other pdants. 

8 [Elfving has found (Arb. d. bot. Inst, in Wurzburg, II. 3, 1880) that exposure to light at a 
temperature which is not sufficiently high to produce chloropihyll leads to an increased formation of 
the yellow colouring matter ( etiolin ) in etiolated seedlings. 

There is reason to believe that chloropdiyll is derived from etiolin (see Wiesner, Eui.-tehung des 
Chlorophylls, Wien, 1877) ] 
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granules of Angiosperms green ; but that the yellow rays and those nearest to 
them on each side are the most powerful; and that this is also the case with the 
exhalation of oxygen from cells containing chlorophyll l 2 . 

(b) The Decomposition of carbon dioxide in cells containing chlorophyll, on 
which depends the assimilation of plants, and which is perceptible externally by 
the exhalation of a volume of oxygen nearly equal to that of the carbon dioxide 
absorbed, is brought about at a favourable temperature (see p. 729) by rays of light. 
In submerged water-plants the gas (always mixed with a larger or smaller quantity 
of nitrogen) escapes in the form of bubbles from wounds, especially transverse cuts 
of the stem ; and it has been shown by Pfeffer and myself that when their size 
is constant the rapidity of these bubbles, i.e. the number of them formed in a unit of 
time, may even be used to give an exact measurement. In observations on land- 
plants it is on the other hand necessary to expose the leaves to light together with 
air containing carbon dioxide in glass vessels of a suitable size and form, and to 
measure the quantity of gas by a eudiometer. 

The smallest intensity of light necessary for the evolution of oxygen is — 
judged by the subjective measure of its brightness to our eye — rather considerable 
(sec p. 742). 'This evolution is always taking place with considerable energy in 
diffused daylight, even when the rays reach the plant only from a small portion of 
the sky ; but it is much stronger in direct sunlight. 

The specific efTect on the evolution of oxygen of the variously refrangible 
elements of sunlight, in other words of the different coloured bands of the solar 
spectrum, has been carefully investigated by Draper and very recently again by 
Pfeffer “. The observations were made partly with the solar spectrum, partly with 
solutions of different colours which transmitted light of a particular refrangibility. 
The amount of gas exhaled was measured partly by the eudiometer, partly by the 
number of bubbles. Pfeffer points out ‘ that each portion of the spectrum exercises 
a specific quantitative influence on the power of assimilation ; and that this remains 
unchanged whether the particular rays act separately on the parts of plants that 
contain chlorophyll, or combined with some or with all the other rays of the 
spectrum/ 

The following additional result was also obtained from Draper’s and Pfeifer’s 
observations, and from mine already quoted : — ‘ Only those rays of the spectrum 
which are visible to our eye have the power of decomposing carbon dioxide ; and 
indeed those which appear brightest to the eye, the yellow rays, are alone as 

1 See in particular Guillemin, Ann. tics Sci. Nat. 1857, vol. VII. p. 160. [According to Wiesncr 
(Untcrs. neb. d. Be/ithungen dis Lichtes 711m Chlorophyll, Sitzber. d. Wien. Akad., vol. 69, 
1874; also Hot. Zeitg. 1874). etiolated plants become green much more rapidly in blue than in 
yellow (intense) light. lie attributes this to the more active decomposition of the chlorophyll in the 
yellow light. This view is supported by the observation of Guillemin (Ann. d. Sci. Nat., 1854) 
and of Famintzin (Melanges biologiqucs, Acad. Imp. de St. Pelersbourg, vol. 6, 1866) that the 
leaves of etiolated plants become green more rapidly in diffuse daylight than in sunshine.] 

2 Draper, Annales de chimie et de physique, 1844, p. 214 et scq. — Pfeffer, Avbeiten des Botan- 
ischen Instituts in Wurzburg, Heft I. p. 4S, where reference is also made to the whole of the rest 
of the literature. — Pfeffer, Sitzungsbcr. der Gescllsch. zur Befbrderung der gesammt. Naturwiss. zu 
Marburg, 1872, May 16; and Bot. Zcitg. 1872, no. 23 et seq. % where the paper by Midler, Botanischc 
Untersuchungcn, Ileft I, Heidelberg 1871, is also discussed. [For an account of Draper’s researches 
into the relation > existing between plants and light, sec his Scientific Memoirs, London, 1878.] 
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efficacious in this process as all the others put together. The most refrangible 
rays of the visible spectrum which act most energetically on silver chloride, &c , 
play a very subordinate part in the process of assimilation.’ 

Draper placed glass tubes filled with water saturated with carbon dioxide in 
which he had placed green parts of plants, in the different coloured portions of a 
solar spectrum. Seven of these tubes were exposed simultaneously in the same 
spectrum. The following table gives the result of two experiments of this kind : — 


Part of the Spectrum. Gas evolved. 


Dark-red 


Experiment I. 

• 0 33 

Experiment II. 

O’O 

Red-orange . 


. 20'00 

24 73 

Yellow-green , 


. 3600 

43*73 

Green -blue 


0*10 

4*10 

Blue 


0*0 

1*00 

Indigo . 


O'O 

0*0 

Violet . 


. 0*0 

0*0 


Pfeffer experimented chiefly on leaves of the Cherry-Laurel and Oleander, which 
were placed in air containing carbon dioxide (shut off by mercury) in suitable glass 
vessels, and received the sunlight through coloured solutions (tested by the spectro- 
scope). The following was the result of sixty-four experiments If the amount 
of gas evolved in light which has passed through a stratum of water of standard 
thickness is represented by ioo, the numbers here given are the corresponding 
quantities of carbon dioxide decomposed in light which has passed through equal 
thicknesses of the solutions named. 


Solution. 


Colour of light. 


Amount of carbon dioxide 
decomposed. 


Potassium bichroma! e 

Red, orange, yellow, green 

88-6 

Ammoniacal copper oxide 

Green, blue, violet 

r 6 

Orcin 

Red, orange-green, blue, violet 

5X9 

Aniline-violet 

Red, orange-blue, violet 

389 

Aniline-red 

Red, orange 

32 *T 

Chlorophyll 

Red-orange, yellow, green 

I f )*9 

Iodine solution 

Quite dark 

(14*1 carbon di- 
oxide produced). 


From a comparison of these numbers Ffeffer deduced the following values for 
the decomposing power of the different regions of the spectrum, the action of white 
light being again placed at i oo : — 


For Red-orange . 

. 32*1 

Yellow 

. 461 

Green . 

• LYo 

Blue-violet . 

. 76 


100 8 


and from these is deduced the first statement of Pfeffer given above. 
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If these values are erected as ordinates upon the solar spectrum, taking its 
corresponding parts as abscissa?, the result, as shown in Fig. 475, is that the curve of 
the different powers of light for causing evolution of gas corresponds in the main 
with the curve of subjective brightness of the same regions of the spectrum ; but 
does not coincide with the curve of heating power. 

Pfeffer’s experiments had shown that the method first employed by me for 
determining the intensity of the action of light on water-plants, viz. counting the 
number of the bubbles of gas given off in a unit of time, gave nearly the same 
results as actual measurement of the gas, the result being in fact somewhat too 
great, and inexact in inverse proportion to the amount of gas given off. lie then 
applied this method to determine the amount of oxygen given off from a small 
water-plant ( Elodea canadensis) when exposed to a portion 13 mm. in breadth of a 
very intense solar spectrum 23 cm. long. In this experiment he had the advantage 


Brightness 



r ' rr ' 475 — Graphic representation of tile effiu acy of rays of different icfrangilulitv in « ausing the evolution of oxygen, com 
reel with their brightness and heating power. The solar spectrum ./—//serves ;is .i base, on whu h lints to icpn.scnt the 
cc diflerent effects arc erected as ordinates; the three curves are thus obtained which represent assimilation, brightness. 


of being able to determine the amount of gas given off by the same plant in all 
the regions of the spectrum in successive very short spaces of time, and of thus 
avoiding various errors of observation which inevitably accompany cudiometric ob- 
servations, or at least are very difficult to get rid of. A number of observations 
conducted in this manner gave the following result as the mean capacities for 
decomposition possessed by the different regions of the solar spectrum, yellow 
being placed at 100: — 


Red 


. 

• 25*4 

Orange 



63*0 

Yellow . 



IOO’O 

Green 



37*2 

Blue 



22*1 

Indigo 



• 13*5 

Violet 



7 1 



ACTION OF LIGHT ON VEGETATION . 


747 


If allowance is made for the small error mentioned above incident to the 
method of counting the number of bubbles, we find that the curve of capacity for 
exhaling oxygen agrees still more exactly with the curve of brightness than is 
represented in Fig. 475, which was drawn from only a few data obtained with 
difficulty. 

Since a comparison of the curve of brightness with that of the evolution of 
oxygen, otherwise convenient, has turned the attention of observers in a wrong 
path, and has led to many erroneous theories, it will be convenient to state the 
only relation between the two with which we have to do here, in precise 
terms : — The evolution of oxygen caused by chlorophyll is a function of the 
length of the waves of light ; only those wave-lengths which are not greater than 
0*0006866 mm. and not less than 0*0003968 mm. being able to produce this effect. 
Starting from the two extremes, the capacity of light for causing evolution of 
oxygen rises till it reaches its maximum at a wave-length of 0*0005889 mm. Or, 
starting with the medium wave-lengths of the coloured region of the spectrum 
measured in hundred-thousandths of millimetres, the evolution of oxygen is effected 
by waves of light of a minimum length of 39 ; it increases with the increase of wave- 
length until the latter reaches about 59 ; it then diminishes if the wave-length con- 
tinues to increase until it entirely ceases when the wave-length is 68. It will be at 
once seen that we have here a similar phenomenon to that of the relation of vegetation 
to temperature ; for we found (see p. 729) that this function also rises with the rise of 
temperature, attains a maximum at a definite temperature, and again decreases as 
the temperature rises still higher 1 . 

Godlewski 2 3 obtained the following results by a long series of eudiometric ex- 
periments as to the influence of the percentage of carbonic acid in the air upon the 
extent of the decomposition of this gas and upon the corresponding evolution of 
oxygen. An increase of the amount of carbonic acid present in the air, up to a 
certain limit (optimum), increases the evolution of oxygen, an increase beyond this 
limit diminishes it. The limit is different for different plants ; for Glyceria speclabilis 
on bright days it was from 8-10%; for Typha latifolia from 5-7% ; for the Oleander 
probably rather lower. The increase of the evolution of oxygen consequent upon 
an increased amount of carbonic acid being in the air is much greater than the 
diminution produced when the optimum is exceeded by an equal amount. The 
greater the intensity of light, the more is the evolution of oxygen promoted by an 
increase of the carbonic acid up to the optimum, and the less is it diminished by 
excess. It follows that the influence of light upon the evolution of oxygen is the 
greater the more carbonic acid is contained in the air. 

(r) Format ion of Starch in Chlorophyll-granules*. The yellow chlorophyll (etiolin)- 
granulcs formed in the dark are small ; after turning green on exposure to light they 
become considerably larger, corresponding to the increase in size of the cells in which 


1 The same law of dependence is also evidently applicable to the sensitiveness of the eye to 

brightness; and this is the cause of the curve of the brightness of light running nearly parallel to 
that of the evolution of oxygen. 

3 Godlewski, Arb. d. Bot. Instituts in Wurzburg, Heft 3, 1873. 

3 Sachs, Ueber die Auflbsung und Wicderbildung dcs Amylums in den Chlorophyll-kornern bei 
wechsclnder Bcleuchtung : Bot. Zeitg. 1 864, p. 289, 
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they are contained. It is only after they have assumed their green colour and under 
the continued action of more intense light, in other words under conditions favour- 
able to assimilation, that the formation commences of the starch which is enclosed 
within the chlorophyll-granules (see p. 46). When cells whose chlorophyll has pro- 
duced starch after exposure to light are placed in the dark, the starch is absorbed 
and disappears completely from the chlorophyll-granules, and does so the quicker 
the higher the temperature. If light is again allowed access, starch is again 
formed in the same chlorophyll-granules ; and the formation of starch is there- 
fore a function of chlorophyll-granules exposed to light, its absorption a function 
of chlorophyll-granules not exposed to light. If complete or partial darkness is 
continued for a length of time, the chlorophyll-granule is usually itself destroyed ; 
it first loses its form, is then absorbed, and finally disappears from the cells together 
with the colourless protoplasm ; in the case of leaves of rapidly growing Angio- 
sperms this takes place after a few days when the temperature is high. Cactus- 
stems with slow growth and the shoots of Selaghiella on the contrary remain green 
for months/in.the dark. 

The absorption and re-formation of starch in the chlorophyll-granules — a pro- 
cess which I was the first to demonstrate in the leaves of Phanerogams— can be seen 
more readily in Alga; of simple structure like Spirogyra f which may therefore serve 
for purposes of investigation. I had already shown that the formation of starch in 
chlorophyll-granules depends on conditions which favour assimilation, and that the 
principal feature of this process, the evolution of oxygen, proceeds vigorously in light 
transmitted through potassium bichromate, and consists therefore of red, orange, 
yellow, and to a certain extent green rays ; while the more strongly refrangible half 
of the spectrum, consisting of green, blue, violet, and ultra-violet rays, obtained by 
passing the light through ammoniacal copper oxide, has only a very slight effect. 
The conclusion at once followed from this, that the formation of starch must take 
place in the set of rays first named to the same extent that it does in full sunlight, 
but only to a very small extent in the latter set. Tin's was confirmed by Famintzin s 
experiments 1 , in which he found that in Spirogyra the formation of starch in the 
chlorophyll-granules took place only in the mixed yellow light (that had passed 
through potassium bichromate), and not in the mixed blue light (that had passed 
through ammoniacal copper oxide) in which the starch already formed even disap- 
pears. Since however a small exhalation of oxygen takes place even in the mixed 
blue light, it must be supposed that a small production of starch occurs in it. Kraus’s 
experiments 2 with Spirogyra , Funaria , and Elodea , confirm this. He also found that 
in plants of Spirogyra which had lost their starch from exposure to dark, the forma- 
tion of this substance in the chlorophyll-granules recommenced in five minutes in 
direct sunlight, in two hours in diffused daylight. In Funaria the formation of 
starch recommenced in the same manner within two hours in direct sunlight, within 
six hours in diffused daylight ; and similar results were obtained with leaves of 
Elodea , Lepidium , and Beiula 3 . 

1 Faminlzin, Action of Light on Spirogyra; Melanges biologiques, Petersburg 1865, Dec.; and 

p* 277. 

a Kraus, Jahrb. fur wissensch. Bot. vol. VII. p. 51 r. 

3 [Fiom the observations of Weber (Ueb. specifischc Assimilalionsenergie, Arb. d. bot. Inst, in 
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In accordance with the theory propounded by me that the starch formed in the 
chlorophyll-granules under the influence of light is the first product of assimilation 
produced by the decomposition of carbon dioxide, Godlewski has found (Flora, 
1 873, p. 383), as the result of experiments as simple as ingenious, that in an 
atmosphere devoid of carbon dioxide no starch is produced in the chlorophyll-granules 
even in the light; that the starch contained in them disappears when the carbon 
dioxide is removed from the surrounding atmosphere, not only in the dark, but even 
in bright light. It may be inferred from this that the starch which is at any time 
found in the chlorophyll-granules is only the excess of the whole product of assimi- 
lation which has not yet been taken up. Of especial importance is his observation, 
which agrees with his eudiometrical experiments, that an increase in the proportion 
of carbon dioxide in the atmosphere to 8 p. c. in a bright light increases the rapidity 
of the formation of starch four or five fold, while in a diffused light the action is 
much less. A very large quantity of carbon dioxide in the atmosphere, on the con- 
trary, retards the formation of starch in inverse proportion to the intensity of the 
light. Godlewski’s experiments, made on the cotyledons of seedlings of Raphanus 
sativus , are opposed to the statement of Bohm (Sitzungsber. der Wien. Akad. 
March 6, 1873), that the starch contained in the chlorophyll -granules is not a pro- 
duct of assimilation, a view which lias already been sufficiently refuted by my earlier 
investigations. 

(2) Mechanical Action of Light on Plants . (d) The influence of light on the 

movement of protoplasm varies according to the nature of the motion. Those 
movements which are the cause of the formation of new cells are not in general 
directly dependent on light (see p. 752) ; since they take place, in the great majority 
of cases, in partial or complete darkness. The 4 streaming' motion of the proto- 
plasm in older cells, or rotation and circulation, also goes on in continuous dark- 
ness as well as in alternate daylight and night ; and even in the hairs of etiolated 
shoots which are developed in darkness 1 . It has not been ascertained whether 
in these cases the rapidity and direction of the movement, the mode of distri- 
bution of the currents, and the accumulation of the protoplasm at particular spots, 
are influenced by the direction of the rays of light. An influence of this kind is 
apparently exercised by light on the plasmodia of uEthalium 2 . As long as the 
plasmodia are still in motion and not ripe for the production of spores, they appear 
on the surface of the tan when it is dark ; but in the light, as in a sunny window, 
they again conceal themselves in the dark parts of the tan, — a process which the 

Wiir/burg, II. 2, 1879) it appears that equal areas of the leaf-surface of different plants produce 
different amounts of organic substance in a given time, the conditions being the same, lie obtained 
the following numerical proportion for the energy of assimilation : — 


Tropaolum majus 

. . 4.466. 

Phaseolus mul/ijforus 

3-215- 

Ricinus communis . 

5.292. 

Helianthus atinuus . 

5-559-J 


1 Sachs, Hot. Zeitg., 1863, Supplement. 

9 [This subject has been investigated by Baranelzky (Mem. d. 1 . soc. nat. d. sci. nat dc Cherbourg, 
XIX, 1876): he found that the plasmodia, whilst still young, always avoided light. Schleicher has 
found on the contrary (Strasburger, Wirkung des Lichtes und der Warmc au r Schwarmsporcn, Jen. 
Zeitschr. XII, 1878) that the young plasmodia seek the light when its intensity is small: older 
plasmodia seek the light even when it is very intense.] 
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plant may be made to repeat two or three times in a day. It is not till the 
plasmodium has collected into a thick firm mass, and is preparing for the produc- 
tion of spores, that it comes to the surface in places exposed to light, but appa- 
rently only in the night or early morning. 

The protoplasm which envelopes the chlorophyll-granules in the green leaves 
of Mosses and Phanerogams and in the prothallia of Ferns is induced, by the 
varying intensity of the light, to accumulate to a greater or less degree at different 
parts of the cell-walls, carrying the chlorophyll-granules along with it, and thus 
altering their distribution in the cell. It is still uncertain whether in this case the 
light affects the protoplasm only, the chlorophyll-granules being carried passively 
along with it; or whether the influence of the light is not first of all on the latter, 
which then give the impulse to the protoplasm. In either case it appears certain 
that the chlorophyll -granules do not of themselves possess any power of free 
motion, but are carried about by the motile protoplasm. Famintzin and Borodin 1 
found that under the influence of continued partial darkness the chlorophyll-granules 
in various ^Mosses and in the prothallia of Ferns colled on the side- walls of the 
cells (those at right angles to the surface of the organ) ; and that when these parts 
are exposed to light they leave them and distribute themselves over the parts of the 
cell-walls which are parallel to the surface of the organ. Frillieux 2 and Schmidt 
have confirmed these statements. The view which I adopted long ago (see the first 
and second editions of this work), that these changes of position in the chlorophyll- 
granules are caused by the protoplasm, is confirmed by Frank’s recent researches 3 . 
He shows that when the light falls only from one side, the protoplasm and the 
chlorophyll-granules collect mostly on those parts of the cell-walls on which the 
strongest rays fall, if the cells are sufficiently large to allow the light to be so 
arranged and these changes to take place in the position of their contents (as in 
the prothallia of Ferns and leaves of Sagillaria). Frank brought under a general 
point of view the changes in position of the chlorophyll-granules described by 
Famintzin and Borodin; he shows that the protoplasm in these cells is capable, 
according to circumstances, of adopting two different modes of distribution. In one 
mode, which he calls Epistmphe , the protoplasm and chlorophyll-granules collect 
on the free cell-walls, i. e. those which do not immediately adjoin other cells ; for 
instance, next the surface in the superficial cells of organs consisting of several layers 
(the leaves of Sagilfaria , Val/istteria , and Eluded) ; on the upper and under walls in 
organs consisting of only one layer of cells (leaves of Mosses, prothallia of Ferns) ; 
and in internal cells on the parts that bound the intercellular spaces. This is 
the position assumed in the normal conditions of vegetation and the mature state 
of the cells, but before they become too old. The second mode, or Apostrophe , 
takes place under unfavourable external conditions ; as for instance in small 
fragments of tissue, when respiration is defective, turgidity diminished, the tem- 
perature too low, the cells too old, or — what is of most interest here — when light 
is cut off for a considerable time. Under these circumstances the protoplasm 

1 Bohm, Sitzungsber. der Wien. Akad, 1857, p. 510. — Famintzin, Jahrb. fiir wissenseb. Bot. 
vol. IV. p. 49. — Borodin, Melanges biologiques ; Petersburg, vol. VI, 1867. 

2 Prillieux, Compt. rend. 1870, vol. LXX. p. 60. — Schmidt, /. c. 

a Frank, Bot. Zcitg. 1872, Nos. 14, 15; and Jahib. lur wissensch. Bot. vol. VIII p 216 et seq. 
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and chlorophyll-granules collect chiefly on the walls that are not free, i. e. on those 
adjacent to other cells. The occurrence of apostrophe under direct sunlight which 
Borodin asserts 1 (in various Phanerogams, as Lemna> Callitriche, and Siellaria ), is 
denied by Frank, who maintains that what takes place in these cases is rather a 
collection of the protoplasm at the spots where the light is strongest, which may 
happen to be at the sides 2 . 

It is evidently these aggregations of chlorophyll-granules on the side-walls of 
the cells caused by sunlight which were observed by Borodin that produced the 
phenomenon pointed out by Marquard and more exactly described by myself 3 , 
viz . that green leaves (e. g. those of Zea, Pelargonium , Oxalis, Nico liana ^ &c.) when 
exposed to sunlight assumed a bright green colour in a shorter time than in 
diffused light or in deep shadow. This can be made very evident by shading 
particular parts by pressing closely on them a strip of lead or tinfoil ; if this 
strip is removed after five or ten minutes, the parts that were shaded show a 
dull green, those exposed to the sun a bright green colour. It is obvious that the 
tissue will appear to the eye a deeper green in proportion as the green granules are 
distributed uniformly over the surfaces facing the eye, a less deep green in propor- 
tion as they collect on the side-walls. Borodin’s observations directly confirm this 
hypothesis. This alteration in the grouping of the chlorophyll-granules which 
accompanies a change in the intensity of the light is caused only by the highly 
refrangible rays ; the less refrangible rays (the bright and red ones) have the same 
effect as darkness 4 5 . It results therefore, as I showed in 1859, that if a strip of 
blue glass is laid on a leaf exposed to sunshine, it will produce no change of colour, 
while one will be caused by a strip of red glass. 

Since these movements of the chlorophyll-granules are produced by the 
colourless protoplasm in which they are imbedded, it might be expected that the 
protoplasm of hairs which contain no chlorophyll or only a small quantity would 
be similarly influenced by the colour and intensity of the light. But the state- 
ments of Borscow and Luerssen 3 which might be interpreted in this direction at 
least to some extent have not been confirmed by the observations of Reinke 6 . 

The swarming of zoogonidia is also connected with protoplasmic movements. 
Their motile organs, the cilia, are supposed to be slender threads of protoplasm, by 
the vibration of which both the rotatory and the advancing movement of the zoogo- 
nidia is caused. The axis of rotation becomes subsequently the axis of growth ; the 
anterior end in the advancing motion (where the zoogonidium is usually narrower, 


1 Borodin, Melanges biol ., Betcrsbmg t 8G9, vol. VII, p. 50. 

2 [From Stahl’s investigations it appears that apostrophe is produced by direct sunlight (Bot. 
Zeitg. 1880). He finds that exposure to diffuse daylight produces cpistrophe, that is, the position of 
the chlorophyll-granules in which the greatest area of their surface is exposed to the incident rays, 
whereas sunlight produces apostrophe, that is, the position in which the least possible area of their 
surface is exposed to the incident rays. In the one case they present their flat surfaces, in the other 
their edges to the incident rays.] 

s Sachs, Be ri elite der math. physik. Klasse der k. siichs. Ges. der Wiss. 1859. 

4 Borodin, /. c . ; Frank, Bot. Zeitg. 1871, p. 238. 

5 Borscow, Melanges biol., Vetersburg 18G7, vol. VI. p. 312. — Luerssen, Ucber den Einfluss des 
rothen u. blauen Lichts u. s. w., Dissertation, Bremen, 1868. 

• Reinke, Bot. Zeitg. 1871, Nos. 46. 47. 
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hyaline, and provided with cilia) becomes the base of the germinating plant when 
the zoogonidium has come to rest. These movements of zoogonidia and the very 
similar ones of the Pandorinese are affected by light to this extent, that when the 
light comes from one side they either tend towards or away from the source of light, 
this depending apparently partly on the species and partly on the age of the indi- 
vidual. Cohn states that here also the less refrangible rays have the same effect as 
darkness, while the direction of the motion is determined by the blue and the more 
highly refrangible rays K 

(e) Cell- Division and Growth 1 2 . The first formation and early growth of the 
new organs in the higher plants consisting of masses of tissue is accompanied by 
a great number of cell-divisions, which usually take place in complete darkness ; as 
for example, in the roots of land- and marsh-plants, the buds on underground 
rhizomes, and leaves and flowers which are produced within the dense envelopes 
of the bud. Cell- formation of the same kind may however take place under the 
influence of light which may even be intense, as is shown by the growth of the roots 
of land-jflants in water exposed to light, or that of die aerial roots of Aroidese 
(which are highly transparent at their cell-forming apex). The formation of 
stomata and hairs which is the result of cell-division may take place either in 
the light or in complete darkness within the bud, without any essential difference 
being observable in the tw r o cases. In the same manner the cambium of the 

trunks of trees is covered by completely opaque envelopes, such as bark; while 

that of many annual stems (as Impatims ) is exposed to the light which penetrates 
the thin succulent cortex. Similar phenomena are presented in the formation and 
ripening of ovules within transparent or completely opaque ovaries. They are most 
obvious when shoots or even flowers which under ordinary circumstances are de- 
veloped in the light are made to grow in complete darkness from bulbs, tubers, or 

seeds. The small variations from the normal condition which occur in such cases 
do not affect the early development of the organs; but their later growth which 
does not depend on cell-division is necessarily interfered with, as well as the 
development of chlorophyll. An obvious and necessary condition of these processes 
of growth, whether in the dark or the light, is the presence of a supply of assimi- 
lated reserve-materials, at the expense of which the formation of new cells can take 
place. In the case of the buds of the higher plants their reservoirs of reserve- 

1 Cohn, Schlcs. Ges. fur vatcrl. Cultur, Oct. 19, 1865. The facts have however recently been 
questioned by Schmidt. [Sec Sachs, Ucb. Emulsionsfigtircn, Flora, 1876 ; Strasburgcr, Wirkung des 
l.ichts und dcr Warmc auf Schwarmsporen, Jen. Zeitschr. XII, 1878; Stahl, Ueb. den Einfhiss dcs 
Lichts auf die Bewegung dcr Schwarmsporen, Bot. Zeitg. 1878, and Verh. d. phys.-med. Gesellsch. in 
Wurzburg, 1879. It appears that the zoogonidia place themselves so that their long axes coincide 
with the direction of the incident rays. They move either towards the source of light or away from 
it, the direction of their movement being dependent upon a number of conditions, such as the 
intensity of the light, the relative temperature of different portions of the water in which the 
zoogonidia are, the age of the zoogonidia, and the amount of oxygen in the water. Zoogonidia which 
exhibit these phenomena are said, by Slrasburger, to be phototactic. Some zoogonidia (such as those 
of Saprolegnia) do not appear to be affected by light.] 

a Sachs, Ueber den Einfhiss des Tageslichtes auf Neubildung u. Entfaltung verschiedener 
Pflanzcn-organe. Bot. Zeitg. 1863, Supplement. If I hcie consider cell-division and growth as 
essentially mechanical processes, this does not imply that chemical changes do not also accompany 
estiy process of giowth. 
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material are the bulbs, tubers, rhizomes, parts of the stem, cotyledons, and endo- 
sperm; after the complete exhaustion of these growth ceases in the dark but 
continues in the light, because the assimilating organs can then produce new 
material. This 'relation of growth which is connected with cell-division to assimi- 
lation is especially clear in Algae of simple structure (as Spiroyyra , Vauchcria> 
Hydrodictyon , Ulolhrix, &c.), which assimilate in the day-time under the influence 
of light, while cell-division proceeds . exclusively or at least chiefly at night. The 
swarm-spores are also formed in the night, but swarm only with access of daylight. 
In some Fungi also, as Pilobolus crystallinus , the splitting up of the protoplasm 
in the sporang : um into a number of spores takes place only in the night, the spores 
being thrown out on access of light. While therefore in the larger and more 
highly organised plants assimilation and the construction of new cells out of the 
assimilated substances is carried on in different parts but at the same time, in small 
transparent plants in which the parts where these functions are effected are not 
surrounded by opaque envelopes they take place at different times. We have here a 
case of division of physiological labour which shows us that the cells which have to 
do with chemical work (assimilation) cannot at the same time perform the mecha- 
nical labour of cell-division ; the two kinds of labour are distributed in the higher 
plants in space ; in very simple plants in time. Provided there is a supply of 
assimilated reserve-material, cell-division can therefore take place either in the 
light or the dark. Whether there are special cases in which light promotes or 
hinders cell-division is not known with certainty. We might suppose we have such 
a case when Fern-spores and the gemma? of Marchantia 1 'germinate in the light 
but not in the dark; but Borodin has shown that the less refrangible rays are 
alone active in this process of growth, mixed blue light (passed through ammoniacal 
copper oxide) acting like complete darkness. But since the less refrangible rays, as 
we have seen, have exactly the same effect on growth as the absence of light, but 
on the other hand are the efficient agent in assimilation, it may be supposed that 
these spores and gemmae do not contain certain substances necessary for germi- 
nation which must therefore be produced by assimilation. On the other hand it 
has not yet been explained on what depends the formation in long-continued dark- 
ness from many stems (as those of Cactus , Tropaolum , Hedera , &c.) of roots which 
are not produced under the ordinary amount of light. Whether the degree of 
humidity is an element in this is uncertain but not improbable. . 

When the young organs emerge from the bud-condition, an active growth 
commences which is chiefly occasioned by the absorption of water into the cells 
and by a corresponding superficial extension of the cell-walls, cell-division still 
taking place only occasionally or not at all. This process of expansion takes 
place, in the case of aerial stems and foliar structures, in the daylight which 
penetrates deep into the transparent succulent tissues. In order to estimate the 
amount of its influence on these processes, it is best to grow seedlings or shoots 
of the same species of plant in continuous complete darkness, and others under 
an alternation of day and night, especially in the height of summer. Independently 

1 Borodin, Melanges biol., Petersburg 1867, vol. VI; Pfefifcr, Arbeitcn des hot. Inst, in 
Wurzburg, vol. I, 1871, p. 80. 
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of the fact that the chlorophyll (with the exceptions already named) does not assume 
its green colour in the dark but remains yellow, differences of form which are often 
very striking arc exhibited by plants grown in the dark, and constitute the bleached 
or etiolated condition. The intcrnodcs- of etiolated plants are in general much 
longer than those of plants of normal growth ; and the long narrow leaves of 
Monocotyledons are subject to the same change. On the other hand the leaves 
of Dicotyledons and Ferns usually (but not always) remain very small and do not 
completely outgrow their bud-condition, or exhibit peculiar abnormalities in their 
expansion. These peculiarities will be explained more in detail in Chap. IV. It is 
not necessary however to contrast etiolated plants with those of the normal green 
colour, in order to establish the influence of light on their growth. If plants of the 
same species are compared when grown in more or less deep shade with others 
grown in full daylight, these diffeiences are still very conspicuous, varying ac- 
cording to the intensity of the light. Different species are however affected to 
a different extent by etiolation; the internodes of climbing plants, which are very 
long eveif under normal conditions, become much longer still in the dark ; and 
some leaves of Dicotyledons, as for instance those of the Beet, become tolerably 
large under the same circumstances, while on the other hand the abnormally 
elongated internodes of etiolated potato-plants put out leaves of only a very small 
size 1 . It is remarkable that etiolation, as I have already shown 2 3 , does not extend to 
the flowers' 5 . As long as sufficient quantities of assimilated material have been 
previously accumulated, or art produced by green leaves exposed to the light, flowers 
are developed even in continuous deep darkness which are of normal size, form, 
and colour, with perfect pollen and fertile ovules, ripening their fruits and producing 
seeds capable of germination The calyx however, which is ordinarily green, 
remains yellow or colourless. In order to observe this it is only necessary to 
allow tulip-bulbs, the rhizomes of Iris, or the like planted in a pot, to put up shoots 
in complete darkness, when perfectly normal flowers arc obtained with completely 
etiolated leaves. Or a growing bud on a stem of Cucurhita , Tropicalum , I pom w a, 
&c., with several leaves, is made to pass through a small hole into a dark box, 
the leaves which remain outside being exposed to as strong light as possible. 
The bud developcs in the dark a long colourless shoot with small yellow leaves and 
a number of flowers, which, except in the colour of the calyx, are in every respect 
normal 4 . The extremely singular appearance of these abnormal shoots with normal 
flowers shows in a striking manner the difference in the influence of light on the 
growth of different organs of the same plant. 


1 [For a discussion of Etiolation, sec Godlcwski, Zur Kcnntniss tier Ursachen tier Formamlei ung 
eliolirter Pflanzen, Hot. Zeitg. 1 879, whcie the literatim; of the subject is quoted.] 

* Sachs, in Hot. Zeitg. 1N63, Supplement; and 1.S65, p. 1 17. 

3 [An exception to this rule is afforded by the coloured kinds of lilac which arc forced during 
the months of February and March by the niaikct gaidcner* of Paris, at a temperature of from 
33 to 35° C., and in almost complete daiknes*. J lie ilowcis expanded under these conditions 
are completely white. See Duchartre, Join 11. de la Soc. Imp. et cent, d’hort. de France, i860, 
pp. 272-280. 

4 Sometimes however abnormal flower, appear in the dark as well as the normal ones. See 

Sachs, 1 \p Ph)s p. 35. 
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The retarding effect of light on the growth of the shoot is evident even in 
a short time ; and, as I have already briefly shown 1 , a periodical oscillation in the 
rapidity of growth is caused by the alternation of day and night (when the tem- 
perature is nearly constant). This variation is shown by the growing internodc 
exhibiting a maximum of hourly growth towards sunrise, decreasing gradually 
from the advent of daylight till mid-day or afternoon, when it reaches its 
minimum, and increasing from this time till morning, when it again attains its 
maximum. 

Prantl 2 has shown that a similar periodicity exists in the growth of leaves when 
day and night alternate normally. The fact that the leaves of the same plants 
( Cucurbita , Ferdinanda , Nicotiana ), when they become etiolated by remaining in 
continuous darkness, are much smaller, is in apparent contradiction to this. But 
in such a case we have not to do with leaves which are healthy and which are 
periodically assimilating, but with sickly leaves which contain no chlorophyll. These 
small yellow leaves, developed in darkness, arc not exposed to the favourable 
influence of light upon which assimilation and its effect upon growth depend in 
normal leaves. 

One of the best-known phenomena occasioned in plants by light is the fact that 
growing stems and leaf-stalks, when the amount of light which they receive is very 
different on different sides, bend or become concave towards the side exposed to 
the most intense light. This curvature is caused by the slower growth in length 
of the illuminated than of the shaded side ; and parLs of plants which show this 
behaviour to light are called helio/ro/dc 3 . From the fact of heliotropic curvature 
towards the side which receives the most light, it is obvious that the plant would 
grow more quickly if shaded on all sides than if the light were more intense. 
The observation that leaves, some roots, Fungi, filamentous Alga? (like V an- 
chor id), &c., curve hcliotropically, indicates that their growth is retarded by light. 
That the chlorophyll has no share in causing this heliotropism is shown by the 
fact that organs which contain none, like some roots, or Fungi, as the pcrithecia 
of Sordaria fimiseda (according to Woronin), the stipes of the pilous of Clavi - 
ceps (according to Duchartre 4 ), and colourless etiolated stems, bend towards a 
stronger light. Since most heliotropic parts of plants arc highly transparent, the 
light which falls on one side must penetrate more or less to the other side, on 
which also some light falls ; it follows therefore that even inconsiderable differences 
in the intensity of the light which falls on the two sides must cause heliotropic 
curvature; i.c. difference in the rate of growth 0 . If plants which show heliotropic 
properties are grown in a box which receives light from one side that has passed 
in one case through a solution of potassium bichromate, in another case through 


1 Sachs i I left II of the Arbeiten des Fiot. Inst, in Wurzburg. 1872. 
u Compare infra, Chap. IV. Sect. 20; also Arb. d. hot. Inst. Wurzburg, Heft 111. 
s Further details on heliotropism will be given in Chap. IV. 

4 Duchartre, Compt. rend. 1870; vol. LXX. p. 779. 

& It must however be noted that in the case of parts containing chlorophyll the light in pene- 
trating the tissues loses its more icfrangiblc rays which are the only ones that produce the effect ; as 
has been already shown, only the less refrangible lays pass through the superficial layers (see 
p. 742). 

3 c 2 
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one of ammoniacal copper oxide, the intemodes of the first remain quite straight 
and lengthen considerably as if they were in the dark, while those exposed to the 
mixed blue light grow less and at the same time bend strongly towards the light. 
It follows from this that only rays of high refrangibility, the blue, violet, and 
ultra-violet, cause the curvature by retarding growth 1 . 

In addition to the large number of the parts of plants which, when illumi- 
nated unequally, bend so as to make the more strongly illuminated side concave, 
there are a much smaller number which bend in the opposite direction, i. e. become 
concave on the shaded side. In order to distinguish between them the former are 
termed positively , the latter negatively heliotropic 2 3 . 

Both positive and negative hcliotropism occur not only in organs containing 
chlorophyll, but also in those that are colourless ; among the former in the green 
tendrils of Vitis and Ampelopsis* ; among the latter in the colourless root-hairs 
of Marchantia 4 , the aerial roots of Aroidcx, Orchidcce, and Chlorophyium Gqyanum, 
and the rootlets of some Dicotyledons, as Ihassica Napus and Sinapis alba h . 
From the statement that positive hcliotropism depends on a retardation of the 
growth of the organ exposed to the stronger light, it might be inferred that negative 
hcliotropism is occasioned conversely by a more vigorous growth of the side 
exposed to the stronger light. This conclusion would be confirmed by a superficial 
examination of the phenomena; but if the attendant circumstances are observed 
more closely, some considerations arise which I shall examine in detail in Chap. 
IV. It need only be mentioned here that according to a theory started by Wolkoff, 
two different explanations are possible : — Very transparent organs, like the apices 
of the roots of Aroidex and of Chlorophyium , refract the light which falls upon 
them in such a manner that the shaded side of the organ may actually be more 
strongly illuminated than the other ; and its negative heliotropism is then only 
a special case of positive heliotropism. But in other cases, as in the Ivy and 
Tropavlum majus , the internodes are positively heliotropic when young, but 
negatively when old before growth ceases ; and Wolkoff supposes that the curvature 
which is in these cases convex on the illuminated side is caused by the more 
vigorous assimilation and consequent longer duration of growth. It depends therefore 
upon nutrition which only affects the mechanism of growth in a secondary degree. 

(/) Action of Light on the tension of the tissue of the contractile organs of leaves 


1 See Sachs, Hot. Zeitg. 1865, On the action of coloured light on plants, where the literature is 
also quoted. I consider experiments with absorbent fluids more decisive than those with the spec- 
trum ; in this latter Guillcmin states that not only do all the rays act heliotropically, but that there 
is even a lateral curvature towards the blue end of the spectrum. When the light is sufficiently 
strong the spectrum is ceitainly never free from diffused white light, which will cause hcliotropism 
even when its intensity is very small. [Wiesner has found (Ileliotropische Krscheinungcn, noticed 
in detail in Chap. IV) that although the yellow rays do not give rise to heliotropic curvatures, 
they exercise, nevertheless, a retarding influence on growth.] 

58 [Darwin (Movements of Plants) uses the terms ‘ hcliotropic ’ and 1 apheliotropic * instead of 
' positively ’ and ‘negatively hcliotropic.’ He considers that the hcliotropic movements are modified 
forms of circumnutation (see infra) 

3 Knight, Phil. Trans. 1812. Pt. I. p. 314. 

4 Pfeffer, Arbeiten dcs hot. Inst, in Wurzburg, 1871, Ileft I. Div. 2. 
r * Foi the literature on this subject see Saclit, Kxp.-Phw p. 41. 
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endowed with motion \ The leaf-blades of Leguminosce, Oxalidese, Marantaceac, 
Marsiliaceae, &c. are borne on modified petioles which serve as contractile organs, 
bending upwards or downwards under various external and internal influences, 
and thus giving a variety of positions to the leaf-blades. If these plants are 
placed in permanent darkness, the curvatures due to internal changes alternate 
upwards and downwards. Light exercises an immediate influence on these peri- 
odically contractile organs ; any increase of its intensity tends to give the blade an 
expanded position, such as it occupies in the day-time ; any diminution tends to 
cause it to assume a closed position upwards or downwards such as it has in the 
night. This effect, which I formerly termed 1 the paratonic action of light,’ is not 
the cause of the periodic movements ; but rather counteracts the periodicity caused 
by the internal forces. In most leaves endowed with periodic movements the para- 
tonic influence of light is so strong that it neutralises them, and induces in their 
place a periodicity dependent on the alternation of day and night. In the lateral 
leaflets of the leaves of Desmodium gyrans on the contrary the internal causes of the 
rapid periodic oscillations are so powerful as to overcome the paratonic action of 
light; and these leaflets move upwards and downwards when the temperaluie is 
high even in spite of changes in the amount of light. My earlier researches 2 * show 
that it is only the more refrangible rays that produce a paratonic effect, while red 
rays act like darkness. 

The influence of light on the position of the contractile organs is not however 
only of this direct character ; the motile condition is also indirectly dependent on 
it. Both the periodic and paratonic movement, as well as that {Mimosa) due to 
mechanical irritation — in fact, the power of movement — is lost when the leaves 
have remained in the dark for a considerable time, such as a whole day ; in other 
words, they become rigid by long exposure to darkness. From this rigid condition 
they do not immediately recover when again exposed to light ; the exposure to light 
must continue for a considerable time, some hours or even days, before the motile 
condition which I have termed ‘ Phototonus 9 is restored. It is only in this condition 
that the leaves are motile and sensitive to changes in the intensity of the light 
or to mechanical irritation. The paratonic curvatures of fully developed contractile 
organs caused by the action of light arc distinguished from the hcliotropic curvings 
of growing organs by the fact that, firstly, they are connected with phototonus, 
while the latter are not ; and secondly, that they always take place in a plane 
determined by the bilateral structure, while the plane of hcliotropic curvalure depends 
only on the direction of the rays of light. 

[The Chemistry of Chlorophyll. Gautier (Comptes Rendus, 1879, and Bot. Zeitg. 1880) 
and Hoppc-Scyler (Ber. deut. chcin. Ges. 1879, and Bot. Zeitg. 1879) have succeeded in 
obtaining green crystals on the evaporation of an alcoholic solution of chlorophyll. 
Gautier considers these crystals to consist of chlorophyll, but Hoppc-Scyler is of opinion 
that they are a modification of chlorophyll, to which he gives the name of chlorophylian. 
The following are the analyses 


1 See Sachs, Ueber voriibergehende Starrezusliindc, &c., Flora, 1863. — Further details will be 

given in Chap. IV. [Also Darwin, Movements of Plants, 1880.] 

u Sachs, Ueber die Bewegungsorgane von Pkaseolus und Oxalic, Bot. Zeit. 1857. p* 81 1 el uq. 
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Gautier. 


Hoppe- Seyltr. 

G. 

7 3*97 


73*34 

H. 

9*8o 


9*7 2 

N. 

4**5 


5*68 

O. 

io *35 


9*54 



1 p. 

i*}8 

Ash 

1 *7 5 

' Mg. 

o *34 


From this percentage Gautier deduces the formula C , 0 H K N 2 O.,, and he points out its 
relation to that of Bilirubin (C Jfi H., N* O s ). It is of interest to note that iron was not 
found in either case. The spectrum of lloppe-Scylcr’s chlorophyllan is the same as 
that of chlorophyll.] 

Optical Properties of Chlorophyll. If parts of plants that contain chlorophyll are 
repeatedly boiled in water and then quickly dried at a temperature not too high and 
pulverised, a substance is obtained which is easily examined and can be preserved for 
a long time unchanged. From this powder the green colouring matter can be ex- 
tracted by alcohol, ether, or oil. The green solution is speedily changed by the action 
of light itf proportion to its intensity, the less refrangible rays of the spectrum acting 
most actively and rapidly. It then assumes a dirty brownish vellow-grecn colour, the 
green colouring matter having become modified or lost its colour. 

If sunlight that has passed through a stratum of the pure green solution not too 
thick or too dark is decomposed by a prism, an extremely characteristic spectrum is 
obtained in which rays of very various refrangibility appear to have been more strongly 
absorbed the darker the solution or the thicker the stratum. This chlorophyll-spectrum 
has been the subject of much research ; the most recent and comprehensive being that 
ot Kraus, from whose description l borrow the following 1 : — 

The spectrum of an unchanged alcoholic solution of chlorophyll shows seven 
absorption-bands, four of which are narrow (Fig. .476 A, 7, 77, 777, IF), and are situated 
in the less refrangible half; while three (F, 77, 777) are broad and are situated in 
the more refrangible half. The latter, distinguishable as distinct bands only in very 
dilute solutions, coalesce, even in the solutions of medium concentration which are 
ordinarily examined, into a single continuous absorption-band occupying the whole of 
the more refrangible half of the spectrum. 

The bands 7, 77, 777, and IF are situated in the red, orange, yellow, and yellow-green. 
The deep black band 7, sharply defined on both sides, lies between Fraunhofer’s lines 
B and C; the three others, shaded off on both sides, diminish in strength in the order of 
their numbers. Between these bands the illumination is dim, and progressively in the 
order of the numbers; /. e. is less dim between 77 and 777 than between 7 and 77, &c. 
To the left of 7 the light is undiminished. 

The bands F, FT. , and FI l in the more refrangible half of the spectrum are shaded 
on both sides; 7 r is situated to the right of Fraunhofer’s line F; FI, which is dark in the 
middle, to the left of and on the line (7; 777 may be regarded as the total absorption of 
the violet end. This spectrum has been found in all observations made on the most 
different plants; Mono- and Dicotyledons, Ferns, Mosses, and Algae. 

The Spectrum of living leaves agrees with that of the solution in its main character- 
istics' 2 . The hands 7 V are, according to Kraus, easily made out in all ordinary leaves 

1 Kraus, Sitrungsb. tier phys.-med. Soc. in Kilangen. June 7 and July 10, 1871. Sec aKo 
Askcnasy, Hot. Zcit. 1867, p. 225; Gerland und RauwenholT, Archives nccrlandaises, vol. VI, 1871 ; 
and Gerland, Fogg. Ann. 1871, p. 585. (Kraus, Zur*Kcnntniss tier Chlorophyllfarbstoffe u. ihrer 
Vcrwandten : Stuttgart, 1872. For reference tu Mr. Sorhy’s papers see Sect. 8 a.] 

* For further evidence of this very remarkable fact see Gerland und RauwenholT, /. c., p. 604. 
It is not ta-y to understand how certain physicists can maintain the contrary. [Pringsheim points 
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of Dicotyledons, Monocotyledons, and Ferns. But this spectrum differs constantly from 
that of the solution in all its bands being always nearer the red end ; a point which was 
determined by Kraus by the use of Browning’s micro-spectroscopic apparatus. This 
difference in position of the absorption-bands of the spectrum is, as he shows, an 
illustration of the universal rule that the absorption-bands approach nearer to the 
red end in proportion to the specific gravity of the solvent of the colouring substance. 
It follows from this that the green colouring matter is distributed in such a manner 
in the colourless matrix of the chlorophyll-granules that it must be considered in a state 
of solution. In no case can the colouring matter of chlorophyll in living cells be in a 
solid state, or equivalent to the residue left behind when the solution is evaporated. 

If an alcoholic solution of chlorophyll is agitated with any quantity of benzol (say 
double its volume) two very sharply separated strata are formed after the fluid comes 
to rest, a lower alcoholic stratum of a pure yellow colour, and an upper blue-green 
stratum of benzol. Kraus considers this process to be a diaiytic one ; there are, ac- 

u c d A ' h r a 


1 i ! I 



ri<„ 47fi.~- Ab'.mptimi S|nctr.i *>i the t.nl<utri»n m.iltrr of chlorophyll (after Kraus) A the spe< trum of the. aknlu 
extract of n teen leaves; /•’that of the bln** yieeii constituent soluble in IkiizoI, C that of the yellow constituent I 
altsoipticm-bamls of -/ .tin l A' are indK.ttrd in the less ictran 1 iblt? (left hand) portion as they would bo produced by 
nunc: e oiu initiated, hi the: more re frangible (ritflit hand) port. on of the spectrum as they would lie produced by a le 
i one entralfd solution ; the- letters /*' — (» niche ate- th« well-known Prannhofer lines of the spectium , the htfs / — / V/ Ki.iu 
absorption b.mds in succession from tlie red to the violet end ; the spec tia are divided into twenty ecjuul pat ts 

cording to him, two colouring substances in the ordinary chlorophyll-solution, a bluc- 
green and a yellow one, soluble in very different degrees in alcohol and benzol. 

Kraus therefore holds the spectrum of chlorophyll to be a combination-spectrum, 
r. that it arises from the superposition of the two spectra of the blue-green and 
the yellow colouring-matter. The blue-grccn substance gives the four narrow absorp- 
tion-bands in the less refrangible half of the spectrum (Fig. 476, B), and part of the 
band FI which is situated at G in the more refrangible halt. The band T(Fig. 476 C) 
results from the yellow colouring matter which has ab^brption-bands in the more re- 
frangible half of the spectrum. The band VI of the chlorophyll-spectrum is the result 
of partial superposition of corresponding bands in the spectra of the yellow and the 
blue-green substances, which however do not perfectly coincide. Both colouring sub- 
stances alike produce the absorption-band VII at the violet end. 

According to Kraus’ statements it is possible to decompose chlorophyll into two 

out (Ucb. Liehtwiikung und Cblorophyllfunction, Jahrb. f. wiss. Hot. XII, 1S81) that the chloiophyll- 
spectrum is the same- in leaves which are assimilating as in those whiv.h aie not.] 
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distinct colouring matters by a simple dialytic process. Conrad has shown, however 
(Flora, 1872, p. 396), that if a solution of chlorophyll in absolute alcohol be treated with 
benzol, a separation of the green and the yellow never occurs. This only takes place 
when dilute alcohol, of a strength less than 65 per cent., is used. Conrad points out 
forcibly that Kraus used dilute alcohol, which may be at once inferred from the fact 
that he extracted the boiled leaves with alcohol without having previously dried them. 
According to Conrad, it is very doubtful if this decomposition of the chlorophyll is 
simply a dialytic phenomenon. More probably a decomposition had previously been 
effected by the water, a suggestion which is supported by the fact that solutions of 
chlorophyll in dilute and in absolute alcohol when evaporated give in the former case, 
but not in the latter, a residue containing a yellow colouring-matter soluble in water 1 * . 

The yellow colouring matter is soluble in alcohol, ether, and chloroform, but not 
in water. On addition of hydrochloric or sulphuric acid (as Micheli had already shown) 
it becomes first emerald-green, then verdigris-green, and finally indigo-blue; the 
spectrum of the yellow substance which has in this manner become green shows al- 
together different absorption-phenomena to those of chlorophyll. The spectrum of the 
yellow ingredient of chlorophyll is identical (Kraus) with that of most yellow flowers (as 
Ranunculus , Mimulus , Gentian a lutea , Brassica y Taraxacum , Matricaria , &c.), and agrees 
with it/ also in the reactions just named, as also does that of the yellow colouring 
substance of fruits and seeds ( Euonymus , Solarium Pseudocapsicum, &c.). This yellow 
substance is, like chlorophyll, combined with protoplasm. The substance present in 
the cells in the liquid form, as for instance in the flowers of the Dahlia, is different ; 
it is soluble in water, and docs not give a spectrum consisting of bands, but a continuous 
absorption of the blue and the violet. The colouring substance of some orange flowers, 
c.g. Fschscholtzia, also soluble in alcohol, is again different, possessing a fourth band in 
the bluc-grccn to the left of the three bands of the ordinary yellow substance. The 
colouring matters of bright-coloured lower organisms which are soluble in alcohol are 
not identical with either of the two which constitute chlorophyll, but are related to them. 

According to Kraus, the yellow substance of etiolated leaves also exactly resembles 
the yellow constituent of chlorophyll. 

The Fluorescence of the colouring-matter of chlorophyll is seen from the fact that 
a sufficiently dark concentrated solution appears dark-red by reflected but green by 
transmitted light. The fluorescence is much more decided if the pencil of converging 
rays of the sun is made to fall on the green fluid through a condensing lens. If the 
solar spectrum is thrown upon the surface of a solution of chlorophyll 3 , it may be 
ascertained which rays of the sunlight cause the fluorescence ; the red begins a little 
to the left of the line B of the solar spectrum, and stretches, although varying in inten- 
sity, over the violet end. On the dark-red ground arc seen seven intensely red bands, 
each corresponding exactly both in position and in strength to an absorption-band 
in the spectrum of chlorophyll. If the fluorescence caused by the solution of chloro- 
phyll is itself observed through a prism, it is seen to consist only of red rays, the 
refrangibility of which coincides with the strongest absorption-band of chlorophyll 
between B and C, Every ray produces by fluorescence only such as correspond in 
their refrangibility to the absorption-band I. Whether the chlorophyll contained in 
living cells is subject to the same fluorescence is not certain, from the imperfect 

1 [Fringshcim (Ucb. < 1 . Asorptionsspcctra der Chlorophyllfarbstoffc, Monatsber. d. k. Akad. d. 
\Vis«. zu Hcrlin, 1874) confirms Conrad’s observations. He shows that the separation into two 
layers depends upon the fact that benzol will not mix witli weak alcohol, but will do so with strong. 

He aEo points out that under any circumstances some of the benzol is retained in solution in the 
alcohol, and further that benzol will dissolve more chlorophyll than alcohol and will therefore 
become more deeply coloured. lie maintains that the yellow colour of the alcohol is due to (he 
piesence of some chloiophyll in it, as shown by the spectroscope, though some yellow colouring- 
matter (etiolin or xanthophyll) is also picscnt.] 

* Hagen bach, Fogg. Ann. vol. 14T. p 245; Lommcl, ih. \ol. 143. p. 572. 



ACTION OF LIGHT ON VEGETATION. j 6 l 

observations at present made ; but it is probable, from the absorption -phenomena and 
their connection with fluorescence. 

The question whether the absorption-bands of the spectrum of the colouring- 
matter of chlorophyll have any causal connection with the function of the chlorophyll- 
granules in decomposing carbon dioxide has recently been answered by Lommel in the 
affirmative, on purely theoretical grounds, in support of which he brings forward the 
following statements 1 : — 

‘The most efficacious rays in promoting assimilation in plants are those which 
are most strongly absorbed by chlorophyll, and which at the same time possess a 
high mechanical intensity (heat-action); these are the red rays between B and G 7 
But a glance at the carefully prepared tables given at pp. 745-6, shows that this 
theoretical reasoning is incorrect. If Lommcl’s hypothesis were correct, the evo- 
lution of oxygen would be seen, on observing the solar spectrum, to attain its 
maximum between B and C 2 , which however, as Pfeifer has shown, is by no means 
the case. The second of Lommel’s statements is : — ‘ The yellow rays can produce 
only a small effect notwithstanding their considerable mechanical intensity, because 
they arc absorbed only to a small extent ; and the same is the case with the orange 
and green rays.* This statement is again entirely opposed to observation ; for it 
is these very rays that are the most efficacious in promoting evolution of oxygen. 
Lommel says indeed (/. c. p.584) that < this inference is incorrect ; * it is however no 
inference, but the result of actual observation. That the light which has passed through 
a solution of chlorophyll causes only an inconsiderable evolution of oxygen is easily 
explained when it is recollected that even the yellow is considerably weakened in 
the spectrum of chlorophyll. But according to Lommel’s theory there ought to be 
no evolution of oxygen at all when light has passed through a solution of this kind 
if it shows the absorption-bands very dark, since those rays which according to him 
arc alone efficacious are wanting. 

There is however no need for this direct contradiction; for a correct estimate 
of known facts leads to the conclusion that it cannot be those rays which are ab- 
sorbed by the colouring matter of chlorophyll that cause the evolution of oxygen; 
for the rays absorbed in such a solution are the same as those absorbed in a green 
leaf. In the former there is however no evolution of oxygen (and apparently also no 
oxidation) ; and there is nothing to justify the supposition that the same rays which 
arc absorbed by chlorophyll in solution without causing evolution of oxygen should cause 
it in the living leaf. It must certainly be right to suppose, as a necessary result of the 
principle of the conservation of energy 3 , that the rays which are efficacious in causing 
evolution of oxygen must be absorbed, inasmuch as they perform chemical work; but 

1 Lommel, Pogg. Ann. vol. 143. p. 581 et seq. 

2 Miillcr (Hotan. Bcobachtungen, Heidelberg 1871, Heft I) has adduced a great array of 
figiucs in .support of this conclusion. But any one who knows how such observations should be 
made knows also what value is to be attached to these. See also Bfefler, Bot. Zeit. 1872, No. 23 
et seq. 

9 Sec also what 1 said on this subject long ago in my Experimental Physiology, p. 287. 
[Pringsheim has made a series or researches on Chlorophyll (Monatsber. d. k. Akad. zu Berlin, 
1874-1881 ; Jahrb. f. wiss. Bot. XII, 1881 ; see also Nature, vols. XXI, XX 1 I 1 , and Quart. Journ. 
Micr. Sci. 1882), and has come to the following conclusions >^itli respect to its function: (1) that 
the rays absorbed by it are not those which promote' assimilation ; (2) that, on the contrary, these 
rays promote the respiration of the protoplasm ; (3) that it is the protoplasm of the chlorophyll- 
granule, and not the chlorophyll, which decomposes the absorbed carbonic acid and forms organic 
compounds ; (4) that the energy for this purpose is derived from light, but it has not yet been 
ascertained which rays are absorbed by the protoplasm ; (5) that the function of the chlorophyll 
in the process is protective, that is, that it absorbs the rays which would promote respiration in 
the chlorophyll-granule anti this lenders it possible for the synthetical processes to take place 
within it.] 



7^2 GENERAL CONDITIONS OF PLANT-LIFE . 

observation shows that it is not the rays absorbed by the green colouring matter that 
perform this work either in the solution or in the living plant 1 . 

The Relation of Cel l -division to Light has, as I have already explained, been completely 
misunderstood by Famintzin. In my paper ‘ On the influence of daylight on the 
formation and unfolding of various organs of plants* (Bot. Zeit. 1863, Supplement) 

I described in detail a long series of phenomena which show that the fresh formation 
of parts connected with cell-division is in general independent of light as long as 
there is a supply of reserve food-material to support growth. The main results were 
again collected in my * Handbook of Experimental Physiology,* p. 31, referring also 
to that paper. Notwithstanding this, Famintzin 2 3 commences his paper quoted above 
(three years later than one, and five than the other of my works) with the words: 
‘The action of light on cell-division has not yet been carefully examined by any 
one. All that 1 have been able to find on this subject is limited to a remark of 
A. Braun’s on Spirogyra and a statement of Sachs relating to cell-division in general.* 
He then quotes a passage from Braun cited also by me, and continues: — ‘Basing his 
remarks on these statements, Sachs expresses himself as follows,* and then quotes 
some passages from my Handbook, p. 31, no reference being made to the earlier 
paper or its conclusions. He then maintains that his own observations lead to entirely 
different, results ; but it is easy to show that they rather lead to the same as mine. 
At the end of his memoir (p. 28) he says: — ‘The cell-division of Spirogyra is not 
prevented by light, as has hitherto been supposed, but on the contrary is promoted 
by it’ (which is incorrect). According to Famintzin’s observations, this acceleration of 
cell-division by light depends on the fact that light induces the assimilation of food- 
material ; which is obviously a different question from that argued by me and opposed 
by him ; since, presupposing the presence of a supply of food-material, I only argued 
the question whether light exerts any influence on the physical fact of cell-division. 

‘ The cell-division of Spirogyra ,* continues Famintzin, ‘ has been proved to be de- 
pendent on light to the same extent as the formation of starch ; but the relationship 
in the former case differs from that in the latter in the following respect: — the formation 
of starch is induced by a very brief exposure to light (about half an hour) and requires 
that its action be direct ; starch is formed only under the influence of light ; in its 
absence the formation at once ceases. Cell-division, on the other hand, is induced 
only after light has acted for some hours; it then commences in the cells whether 
these are exposed to light for a longer time or are removed into the dark.’ This 
shows therefore that when food-materials are formed cell-division takes place in the 
light as in the dark ; a fact which I had proved five years before by a .greater number 
of observations. 

Better in more than one respect is Batalin’s treatise ‘ On the action of light on 
the development of leaves’ (1871) \ Starting from the facts discovered by himself 
and by Kraus that cells have the same size in small etiolated leaves as in large 
leaves of the same species grown in light, he concludes with justice that the number 
of cells is larger in the normal than in the etiolated leaf, and that the size of leaves 
is proportional to the number of cells in them. But from this he draws the following 
erroneous conclusion : — ‘ The leaf grows so long as it produces new cells; and the 
growth of the leaf does not depend on the increase in size of the cells.’ It should 
rather be, — ‘The growth of the leaf depends firstly and directly solely on the increase 
in size of the cells, and is proportional to this; but the cells, when they have grown 
larger, divide so that they are actually of about the same size in the small etiolated' 
as in the large green leaf.* He continues: —‘Leaves do not grow in the dark because 

1 CJcrland ( 7 . c, p. 609) has also arrived at a similar conclusion. 

* Famintzin, Melanges phys. ct chim., lVtci>bouig 1868, vol. VII, O11 the action of light 011 
the cell-division of Spirogyra. 

3 Batalin, Hot. Zeit. 1871, p. 670. 
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their cells cannot divide without the assistance of light;’ while the exact converse is 
the fact, — they do not divide because they do not grow. This error prevails throughout 
the whole treatise, which in other respects contains a number of instructive observa- 
tions. Moreover, PrantPs measurements show that even in small etiolated leaves 
(Phastolus) numerous cell-divisions take place 1 . 

It must be observed in addition that the very small growth of leaves in the dark 
is not a universal phenomenon even amongst Dicotyledons. The leaves produced 
from the tuberous roots of the Dahlia and Beet grown in the dark, and even those 
of Phaseolus , attain very considerable dimensions, and sometimes, especially when the 
temperature is high, almost the size of those developed in the light 2 . 

Contrivances for observing plants in light of different colours (or of different refrangi- 
bility). In order to allow light of different degrees of refrangibility to act upon plants, 
three methods may be adopted: — (1) r I he use of the spectrum; (2) The removal of 
particular rays by absorbent media (glass or fluids); and (3) Coloured flames. 

(1) If a ray of light is decomposed by passing it through a prism, it is possible 
to expose small plants or parts of plants to the action of narrow zones of the spec- 
trum; and hence to allow light of approximately equal refrangibility to act upon 
them. Draper, Gardner 3 , Guillemin, and Pfeifer have worked in this manner. In 
using the spectrum it must however be observed that the intensity of the light in 
its different parts is less than that of the light that passes through the slit in pro- 
portion to the breadth of each part. If the spectrum at the distance from the 
prism where the observation is made is, for instance, 200 mm. long, but the slit only 
1 mm. broad, the nfean intensity of light of the whole spectrum is only t / aoo of that 
which passes through the slit, even if no light is otherwise lost, which is seldom the 
case. Only a small luminous intensity must therefore be expected in the spectrum. 
In order to obviate this difficulty, it is necessary that very intense light pass through 
the slit, which may be effected by the use of condensing lenses. If, as is usually the 
case, sunlight is employed, the ray to be decomposed must be kept in a fixed position 
by a heliostat, or at least by a moveable mirror. 

(2) Absorbent media. The defects which have been mentioned in observations 
with the spectrum, as well as the considerable cost of a* heliostat, are avoiled when 
coloured light is obtained by means of absorbent media. For this purpose discs of 
coloured glass or strata of fluids enclosed between colourless glass plates may be 
used. These last possess the advantage that almost any required amount of space 
may be illuminated by the light in question, and that the transmitted light only 
loses so much in intensity as is due to the small amount of absorption of the 
transmitted rays by the coloured medium. It is a mistake, though a very common 
one, to think that observations made with coloured screens are less exact than those 
made with the spectrum ; in general it is just the reverse; and which method should 
have the preference must be decided in each particular case. 

The use of absorbent media is always subject to the disadvantage that they do 
not generally transmit light of a single colour, but several different kinds of rays. 
This disadvantage is especially the case with coloured glass plates; and, with the 
exception of the deep red ruby and the very dark blue cobalt glass, there are scarcely 
any kinds which answer our purpose. It is more practicable to obtain coloured fluids 
of the desired quality, although here also the number that can be used is small. 
The two which have been already mentioned are particularly useful, viz. a saturated 
solution of potassium bichromate, and a dark solution of ammoniacal copper oxide ; by 
means of these, with the right concentration and thickness of the stratum, experiments 

1 Arb. des hot. Instil. Wurzburg, 1873, Heft III. p. 384. 

a See infra % .Sect. 20. 

8 Gardner, Froriep’a Nolizen, 1844, vol. 30. No. 11. — Guillemin, Ann. des Sci. Nat. 1857, vol. 

VII. p. 160. 
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can be contrived so as to split white daylight exactly into two halves, the first 
solution transmitting the less refrangible rays from the red to the green, the blue 
solution all the more refrangible rays from the green to the ultra-violet. Those 
fluids also are of great use which transmit the whole spectrum with the exception 
of a few groups of rays as sharply limited as possible. If certain phenomena occur 
when plants arc exposed to light transmitted through these solutions, it is certain 
that they are not caused by rays of that particular refrangibility which are absent, 
and vice versa . It is obvious that absorbent media are of use in experiments only 
when the spectrum of the light that passes through them is accurately known. 
Glass plates arc employed as windows in dark boxes closed on all sides in which plants 
arc placed; coloured fluids can also be employed for the same purpose by placing 
them in glass vessels with parallel sides and using these as a window. When it is not 
necessary to allow light to fall in parallel rays upon the plant, the most convenient 
use of coloured fluids is to fill with them the space between the two walls of a 
double glass bell which is then placed like an ordinary bell-glass over the plants to 
be observed 1 2 . 

For microscopic observations in coloured light I employ boxes like that represented 
in Fig. 474; only that instead of the colourless plate of glass, a double window is used, 
the spate between the two panes being filled with coloured fluids. 

(3) Coloured Flames i.e. the light of bodies in a finely divided state heated to 
incandescence in a flame which is itself non-luminous — have not hitherto been employed 
for accurate observations on plants. I know only of one statement by Wolkoff J ; 
that etiolated seedlings of Lepidium sativum became green when placed for seven or 
eight hours at eight inches distance from a non-luminous gas-flame in which sodium 
carbonate had volatilised and become incandescent. This light, as is well known, 
consists only of rays which correspond to Fraunhofer’s line 1 ). The red light of 
the flame of lithium or the blue light of that of indium &c. may be employed in 
the same manner as this yellow flame, if sufficient intensity and the necessary perma- 
nence can be attained with these flames. 

[The foregoing account would be incomplete without some statement of the results 
attained on this subject by Mr. H. G. Sorhy. The following is a brief abstract, sup- 
plied by him, of investigations which will be found reported in detail in his published 
papers 3 :r— 

Vegetable colouring-matters may be divided into two principal classes, fundamental 
and accidental . The fundamental are those which are essential to the healthy growth of 
the plant ; and by carefully studying the position of the absorption-bands in living leaves 
these substances are often found in a free and solid state, even when they are soluble 
in water, or could easily combine with the closely associated oils or wax. When set 
free by boiling in water or by decomposition, they dissolve according to their properties 
in this respect in water, or combine with oil or wax if these be present. The petals and 
other portions of the organs of reproduction often contain some of the fundamental 
colouring-matters of the leaves, but frequently others are developed. 

„ Accidental colouring-matters are those which may be present or absent without 
apparently interfering with the healthy growth of the individual plant, and .are often so 
conspicuous as to make mere colour of very little importance if it depend upon them, 
and not on the difference in the kind or relative proportion of the fundamental colouring- 

1 Such double-walled bell-jars can be obtained from VVarmbrunn and Quilitz, Berlin. 

2 \Y oik oil, Jahrb. fur wiss. Bot. 1866, vol. V. p. 11. 

3 [Proceedings of the Royal Society, vol. XV, 1 867, p. 433. — Quarterly Journal of Microscopical 
Science, vol. IX. 1869, p. 358; vol. XI. 1871, p. 215. — Monthly Microscopical Journal, vol. Ill, 
1870, p. 229; vol. VI. 1871, p. 1 24.- -Proceedings of the Royal Society, vol. XXI. 1873, p. 442. 
Researches on the sped rum-analysis of the giecn colouring-matter of plants arc given by Chautard 
in Ann tie Chim. et de Ph>sique, Sept. 1874.] 
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matters. These non-essential substances are far more common in the petals than in the 
leaves, and if of any use to the plant, are only indirectly advantageous, as, for instance, 
in attracting insects. It is doubtful to which of these two divisions certain substances 
should be referred, and perhaps some may not be essential for the healthy performance 
of vital functions, but merely necessary products ; and some may be essential to one 
plant and not to others. 

It has been found convenient to arrange the colouring-matters of plants in the 
following groups, which are as it were of generic value, and include several different 
species. 

Chlorophyll group— The green substance described as chlorophyll by many writers 
must often have contained two perfectly distinct green substances, and the product of 
the action of acids on one of them, mixed with one, and in some cases with three, 
different species of xanthophyll, and one or two of lichnoxanthine. These two green 
substances are blue chlorophyll and yellow chlorophyll h Blue chlorophyll dissolved in 
alcohol is of a splendid blue-green colour, the whole of the green part of the spectrum 
and a considerable part of the contiguous blue being readily transmitted. Yellow 
chlorophyll absorbs the whole of the blue and the blue end of the green, so that the 
general colour is a bright yellow-green. Chlorofucine is of a clear yellow-green colour. 

Red end. Blue end. 


Blue chlorophyll 


Yellow chlorophyll 


Chlorofucine 



FIG. 476 b —Spectra of the chlorophyll ^roup compared 


It has many properties in common with the above-named two kinds of chlorophyll, 
being, like both of them, highly fluorescent and easily decomposed into another modifi- 
cation by acids. All three are insoluble in water and soluble in absolute alcohol, but not 
always in carbon bisulphide. 

The difference between their spectra will be better understood by means of the 
figure, 476 by which represents the absorption-bands as seen in solutions diluted so as 
to show those at the blue end, and only the darkest and must characteristic of those 
in the red. 

Xanthophyll group.— This group includes a number of yellow or orange-coloured 
substances, insoluble in water but soluble in carbon bisulphide, giving spectra with two 
more or less well-marked absorption -bands in different positions, according to the 
particular species. They are not fluorescent, and when dissolved in absolute alcohol, 
after addition of a little hydrochloric acid, they all gradually become colourless, but two 
of them are first changed into a blue substance. Nearly all green leaves contain three 
perfectly distinct fundamental species, which Mr. Sorby has named orange xanthophyll , 
xanthophyll, and yellow xanthophyll . The spectrum given in Fig. 476, copied from Kraus, 


1 [The spectrum given by Kraus (Fig. 476 7?) is due to a mixture of these with some of 
the products of the action of acids. See Pringsheim, Ueb. natiirliche CldorophyUmodificationen, 
MonaUbei. d. k. Akad. d. wiss. zu Berlin, 1 876. J 
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must have been due to a mixture of the latter two. Olive Algae contain another 
fundamental s pc c i es, fuco xanthine. In many Fungi, and in the petals of flowers, occur 
other more orange-coloured species, of which that in Pexita aurantiaea is a good 
example. Sorby adopted the name proposed Uy Kraus 1 for a still more red orange- 
coloured species; but what Kraus describes as phycoxanthine must have been a mixture 
of this substance with fucoxanthine and lichno'xanthine. The difference between the 
spectra of some of the above-named species will be better understood by means of the 
following figure (476 r), which represents those of the solutions in carbon bisulphide. 

When these various substances arc dissolved in benzol, their absorption-bands are all 
equally raised towards the blue end, so that we appear to have a remarkable scries of 
very closely related substances. 

Lie bnoxunt bine group. — The colouring-matters belonging to this division are insoluble 
in water, soluble in absolute alcohol, and sometimes also in carbon bisulphide. They all 
give spectra without bands, and absorb more or less from the blue end. Some are 
yellow, and others so red that they may be called lie hnoeryt brines. Lichnoxanthine 

Red end. 'Blue end. 



occurs in both the highest and lowest classes of plants, but the whole group is more 
especially developed in Lichens and Fungi. It is not yet possible to say what part they 
play in the economy of plants, and in some cases they are probably only products of the 
oxidisation of chlorophyll and resins, from which they may be prepared artificially. 

We now come to a number of different groups, soluble in water but insoluble in 
carbon bisulphide. 

Phyeoeynn and P by coeryt brine groups. — There are at least five distinct colouring- 
matters included in these two groups, which differ from one another in many well-marked 
particulars. Hie phycocyans are highly fluorescent, but the phycoerythrines little if at 
all. They give remarkable spectra with one main absorption-band. Some are con- 
nected with albuminous substances in much the same manner as the haemoglobin of 
blood, being like it decomposed at exactly Die same temperature as that at which 
albumen coagulates, whilst the others appear to be associated with some different but 
related substance. They are especially characteristic of red Algx, but also occur in a 
few Lichens. 


4 Oiloroph) Ufarbstoffe, p. 109. 
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Erythrophyll group. —The colouring-matters belonging to this group are very 
numerous, and their production often depends upon obscure and accidental causes, 
easily modified by slight variations in the internal or external conditions. They may be 
divided into three well-marked sub-groups, according as they arc changed by the action 
of sodium sulphite. They are soluble in water, and are usually, if not always, dissolved 
in the juices of the plant, and disseminated in cells of various kinds. A greater number 
of different species occur in the petals than in the leaves. They are usually indicative 
of low constructive energy, but yet .are not merely products of chemical decomposition. 

Chrysotannin group . — Much remains to be learned with respect to these more or less 
pale yellow or even colourless substances, and the part they play in plant-life. The most 
striking fact connected with them is that when oxidised they give rise to the various 
brown substances which are the cause of many of the characteristic tints of autumnal 
foliage. These changes arc mainly, if not entirely, due to chemical action, and can 
easily be imitated artificially. 

Exposure to a greater or less degree of light may produce a great quantitative or 
even qualitative difference in the colouring matters. Rudimentary petals and rudi- 
mentary leaves correspond closely, but subsequently development takes place in two 
different directions; and very often when the petals of the more highly developed 
varieties are only partially grown, the constituent colouring-matters are both qualitatively 
and quantitatively the same as those in some other variety, as though this were due 
simply to a natural arrest of development: By growing almost in the dark flowers 
coloured by more or less of the orange species of the xanthophyll group, the petals are 
obtained of the full size, but only yellow and corresponding exactly to the normally 
yellow variety; and there is this remarkable peculiarity, that the relative proportion 
between the different colouring-matters approximates more or less closely to what is 
obtained by exposing to light a solution of those found in the normal petals; that is 
to say, absence of light tends to prevent the formation in the petals of those more 
orange-coloured substances which are the most readily decomposed by exposure to 
light when they are dissolved out from the petals.] 1 * * 


1 [The occasional occurrence of 4 chlorophylloid green colouring matters ’ in ihe tissues of 
animals is a mailer of consideiable significance. Mr. K. R. Lankestcr lias obligingly drawn tip the 
following list of such cases. Those marked with an asterisk have been observed by him with the 
spectroscope for the first time: — Infusoria; Stentor Mulleri and others. Eoraminifera. Radiolaria ; 
Hhaphidi oph rys viridis, lleterophry s myriapoda (Quart. Journ. Micr. Sc. 1869). Cu'lenterata ; * Spun* 
gilla fluviatilis (Journ. Anal, and Rhys. 1869), * Hydra viridis, An/hea cere us vat*, smaragdina (chloro- 
fucinc). Vermes; Mesostomum viride (1’lannrnv), * Bone l Ha viridis (in the skin), * Chattopterus 

Valencientiesii (in the walls of the alimentary canal). Crustacea; * Idotea viridis (Isopoda). The 
chlorophylloid substance is not present in the same physical or chemical condition in all these cases. 

In Rhaphidiophrys , Hetemphrys, Spongi/la, and Hydra , it is localised in granules imbedded in the 
protoplasm ; this is also the case in lionellia , hut the granules are finer. In ldntea it is not in 
granules hut diffused in the chit ino calcareous integument. In all cases the chlorophylloid substance 
agrees in having a strong ab*orption-band in the red — a little to the right or left ; and, except in 
Idotea , in being soluble in alcohol; and in having stiong red fluorescence and in finally losing its 
colour when dissolved. In liomllia, ChiPdopterus , and Spun gill a , the absorption-spectrum presents 
differences in other respects in each case, and the green tint is itself different — being black olive- 
green in Chctlopterus, bluer but equally dark in Ronellia, and apple green in Spongilla and Idotea. 
In Spongilla the green colour is not developed if the animal grows in the dark. But like etiolated 
vegetable tissues, Spongilla , when immersed in strong sulphuric acid, gradually devclopcs a strong 
leaf-green colour, fully as intense as that of the naturally green specimens (Quart. Journ. Micr. Sc. 

j 874, p. 400). lionellia , on the other hand, always lives in a dark hole excavated by it in calcareous 
rock, and Ch&toplerm lives in a thick opaque tube. Ccddes has found that a green Planarian (Con- 
valuta S:h ultzii) decomposes carbonic acid under the influence of light, oxygen being evolved and 
starch formed in the cells. J 
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Sect. 9. — Electricity 1 II . The chemical processes within the cells of a plant, 
the molecular movements connected with the growth of the cell-wall and protoplasm, 
and the internal changes on which the activity of the protoplasm depends — whether 
exhibited in the formation of new cells, or in movements of rotation — are probably 
connected with disturbances of the electrical equilibrium, although no actual em- 
pirical proof of this has yet been obtained. The fluids with different chemical pro- 
perties in adjoining cells, the diffusion of salts and of assimilated compounds from 
cell to cell, and their decomposition, must also bring electromotive forces into 
play ; but even this has not yet been observed directly. Even the electrical currents 
which must no doubt be set up by the evolution of oxygen from cells containing 
chlorophyll, by the formation of carbon dioxide in growing organs (as in seed- 
lings), and by the transpiration of land-plants — although investigated by a few 
physicists— has not yet been actually established or accurately determined. Accord- 
ing to Buff's careful observations, which have been confirmed by Jiirgensen and 
Heidenhain, the internal tissue of land-plants is always electro-negative to its 
strongly 'cuticulariscd surface ; the surface of roots, saturated with sap (like a trans- 
verse section of the tissue), is also electro-negative to the surface of the stems and 
leaves. If a plant or a cut part of a plant is placed, with the necessary precautions, 
in the circuit of a very sensitive galvanometer, a current passes from the external 
surface to the cut surface or to the surface of the root ; this is in consequence of 
the contact of the cell-sap of the surface of the root or of a cut surface with the pure 
water employed to complete the circuit. The alkaline fluids of the thin-walled 
phloem of the fibre -vascular bundles are surrounded by the acid fluids of the paren- 
chyma, and diffusion-currents doubtless exist between them. These must certainly 
produce electromotive effects, but hitherto 110 investigations have been made on this 
subject 

The leaves and branches of plants present a large surface to the air ; and 
the tissue of the whole plant is permeated with electrolytic fluids. These con- 
ditions appear to adapt plants to be the medium for equalising electrical differences 
between the earth and air by means of currents traversing the plant. Since the 
electrical tension of the air is generally different from that of the earth, and the 
relationship of the two is constantly varying with changes of weather, it may be 
assumed that in all probability constant electrical interchanges are going on through 
the agency of plants*. Whether these have a favourable effect on the processes of 


1 Villari, Pogg. Ann. 1868, vol. 133. p. 425. — Jiirgensen, Studien des phys. Inst, zu Breslau, 1861 ; 

I left j. p. 38 et seq. — Heidcnhain, ditto 1863, Heft 2. p. 65. — Briicke, Sitzungsb. dcr Wien. Akad. 
1862. vol. 46. p. 1. — Max Schultze. Das Protoplasma der Khizopoden; Leipzig 1863, p. 44. — Kiihne, 
Unteisuchungen iiber das Protoplasma, 1864, p. 96. — Cohn, Jahreshcr. dcr schles. Ges. fiir vatcr- 
landische Cultur, 1861 ; Heft 1. p. 24. — Kabsch, Bot. Zcit. 1861, p. 358. — Kiess, Pogg. Ann. vol 69. 
p. 288. — Buff, Ann. der Chem u. Pharm. 1854, vol. 89. p. 80 et seq . — [J. Ranke, Untersuchungen 
iiber Pflanzcnelektricitat, Akad. der Wisscn. Munchen, Math.-Fhys. Klasse, July 6, 1872. — Kunkel, 
neb. elcklromotorische Wirkungen an unverlctztcn Pflanzcntheilen, and Ucb. einige Eigenthiimlich- 
keiten des clcctrischen I ,e i t u n gs verm bge n s lcbendcr Pflanzenthcile, Arb. d. bot. Inst, in Wurzburg, 

II 1, 2, 1878-9. 

a Sachs, Ueber saure, alkalinischc, und neutrale Reaction dcr Safte lebender Pflanzcn ; Bot. Zcit. 
1862, No. 33. 

:i [Becquercl thought that the evaporation from leaves forms an upward current *f vapour which 
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vegetation has at present, like the whole subject, not been investigated scientifically. 
The destructive discharges of atmospheric electricity which are effected 'inrough 
trees by means of flashes of lightning 1 , at least show that smaller differences of 
electrical equilibrium between the air and the earth may also be equalised by means 
of plants 2 . 

The researches on the action of the electric stimulus on the movements of 
protoplasm and of leaves the motion of which is caused by tension of the tissues 
have not at present led to any important result from a physiological point of 
view, although distinguished observers have paid attention to this subject. It can 
only be said in a general way that very weak constant currents or induction-shocks 
(for a short time) produce no perceptible effect ; that sufficiently strong electromotive 
force produces effects on the protoplasm and in the contractile tissues similar to 
those produced by a high temperature and by mechanical means ; and that finally, 
when the strength of the current is still further increased, the protoplasm is killed 
and the motility of the leaves permanently destroyed, but sometimes in the latter 
case without causing death. 

Jiirgenscn allowed the current from a battery of small Grove's elements, the force 
of which was regulated by a rheochord, to act under the microscope on the tissue of a 
leaf of Vallistieria spiralis . A constant current from one element produced no perceptible 
actiog ; two or four elements caused a retardation of the protoplasmic movement, and 
when continued for a longer time completely stopped it. When the current was 
interrupted, the movement, if it had only been retarded, was restored to its original 
rapidity after the lapse of a short time ; if it had entirely ceased, it was not recom- 
menced even if the current was at once stopped. When the movement is thus arrested, 


acted as a conductor to electricity. In this way, by destroying the necessary elect ri .al conditions, 
he thought foies Is tended to dissipate hail-clouds. Mein. de Plnst. vul. XXXV. pp. 806, 807.] 

1 [The disruptive effect of lightning upon trees is probably due to the sudden conversion of 
moisture into steam. See Osborne Reynolds, Proc. Phil. Soc. Manch. 1874, p. 15.] 

a [Edwin Smith (Chemical News, Dec. 17, 1869) has detected constant currents of electricity 
passing in certain directions in plants, as follows : — In a cut piece of leaf-stalk (Rhubarb) from the 
end nearest the root to the end nearest the blade of the leaf; from the outer side of the leaf-stalk 
nearest the cuticle to the inner axis ; from the lower end of the flower-stalk (Pceony) to the bract or 
j>etal ; from the upper to the under surface of the leaf ; in the stem (Hawthorn) from the cambium to 
the outer cuticle ; in the root (several plants) from the outside to the axis, and from the root-stock 
towards the apex ; in the hollow stems of monocotyledonous plants (Grass) from the inner to the 
outer surface ; in the Potato from the centre to the outside ; but in the Lemon, Pear, Gooseberry, 
and Turnip from the outside to the centre ; in a living plant ( Tropceolum ) from the plant itself to the 
soil. Kunkel (/or. cit.) obtained similar results with the leaves and stems of a number of plants, lie 
found that the direction of the current depended upon the relative moistness of the points in contact 
with the electrodes, any point being always positive with respect to another which is relatively dry. 
The currents which arc observed apj>ear therefore to be due to the travelling of water in the tissues. 
Phenomena of the same kind have been observed by Quincke in diaphragms. 

Dr. Burdon-Sanderson has made a remarkable series of observations on the electric currents in 
Diortaa muscipula (sec Report of British Association for 1873 ; also Nature, vols. VIII, X, and XV, 
and Proc. Roy. Soc. vol. XXI. p. 495). By the aid of Thomson’s galvanometer he has shown that 
these currents are subject, in all respects in which they have been as yet investigated, to the same 
laws as those of animal muscle and nerve. Further, The Electrical Disturbance which accompanies 
the Excitation of the Stigma of Mimulus luteua , Nature, XVI, 1879. See also Munk, Die clektrischcn 
und Bewcgungs-Erscheinungen am Blatte der Dion<ra muscipula , Arch. f. Anat. u. Physiol. Du Bois- 
Reymond, 1876.J 

3 » 
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the chlorophyll-granules which arc carried along by the very watery protoplasm accu- 
mulate at various spots. A current from thirty elements causes permanent cessation of 
the movement even if the connection is only momentary. Induced currents act like 
constant ones ; but the number of induction-shocks which pass through the cells in a 
unit of time appears to have no considerable influence on the action. 

The changes of form of protoplasm under the influence of a sufficiently strong elec- 
tric current arc, according to the observations of Heidenhain, BrUeke, Max Schultzc, 
and Kiihne, similar to those caused by a high temperature near the extreme limit or 
beyond it. From those of Kiihne it appears to result that protoplasm is a very bad 
conductor of electricity, and that the excitement caused by a current at particular 
spots in the protoplasm is not easily transferred to other spots. 

Cohn, Kabsch, and others, state that weak induction-currents act on the sensitive 
parts of the leaves of Mimosa , the stamens of Berkeris , Mahon in, and Centaur? a Scakiosa , 
and the gynostemium of Styluiium graminifolium like concussion or contact, the parts 
moving as if under the influence of these agencies. According to Kabsch, stronger 
induction-currents, which permeate the whole plant, destroy the sensitiveness of the 
gynostemium of Styluiium even for mechanical excitation ; but after half an hour the 
sensitiveness again returns. The statement of Kabsch is noteworthy that the move- 
ment of the leaflets of D?sm odium gyrans are permanently prevented by stronger in- 
duction-currents, which however do not kill them. 

Sect. io. — Action of Gravitation on the Processes of Vegetation 1 . 

Since the attraction of the earth acts uninterruptedly on all parts of the plant, the 
entire vegetable organisation must be so contrived that the weight of the separate 
parts of the plant is serviceable, or at least not injurious, to the various purposes of 
the life of the plant. 

In observing these relationships the first thing is to distinguish between those 
contrivances which have for their object to bring the weight of the parts of the plant 
into harmony with the purposes of its life* — gravitation itself not taking any direct 
recognisable pari in the attainment of these objects— and those phenomena of 
vegetation on the other hand which are brought into existence by the direct influence 
of gravitation on the mechanism of growth. 

To the first of these groups belongs the fact that the branches and foliag-e of 
upright stems are distributed nearly equally on all sides, and that in larger plants 
the firmness and elasticity of the masses of tissue in the stem is promoted by the 
formation of wood, or is brought about by other means, as for instance in the trunk 
of Musa. I3ul since it is very common in the organic world for the same purpose 
to be attained by very different means, slender delicate stems with but little wood 
can protect themselves from sinking down and can expose their foliage to the light 
by twining round firm supports, or by climbing with the help of tendrils, hooks, 
spines, &c. The same purpose is evidently served by the various floating con- 
trivances of water-plants and those of fruits and seeds ; in all these cases the structure 
is obviously adapted to make the weight of the part of the plant serviceable or at 
least not injurious to its life ; although it cannot be maintained that gravitation takes 
any part in the formation of wood, in the sensitiveness of tendrils, or in the produc- 
tion of a floating apparatus. The only explanation of these arrangements lies in 

1 These statements arc intended in the first place to draw the attention of students to the pro- 
cesses of vegetation which are especially influenced by gravitation. Its action on the mechanism of 
growth will be fully described in Chap. IV, where also the literature is quoted. 
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Darwin’s Theory of Descent ; viz . that, under the influence of long-continued natural 
selection, only those structures are finally able to maintain their existence which, 
while sufficient for the other requirements of life, arc so arranged that the weight of 
the part is not injurious or is even useful. It must not be inferred from this, nor 
does observation render it probable, that gravitation takes any direct part in these 
phenomena. 

Gravitation however exerts a direct influence on the growth of young parts of 
plants as soon as the longitudinal axis of the growing organ is inclined obliquely 
to the perpendicular and therefore to the action of gravitation. In this case the 
growth in length of the oblique organ is different on the upper and under sides, 
and the more so the more nearly horizontal the axis of growth. According to 
the nature of the organ and its purpose in the economy of the plant, either the 
upper side grows more strongly than the under side, or the reverse. A curvature 
concave either downwards or upwards is thus caused by the influence of gravita- 
tion and growth, and this curvature increases until the free-growing end is directed 



I K,. 477 —A seedling of I'tcu t l-'aba, the root ami stem of which were straight, which was so fixed that the apex of the 
root lay nearly horizontally upon the surface of the mercury (Mack in the figure), hy means of a pm to the tork l - ; ti n is thu 
layer of water on the mercury The figure shows the seedling 34 horns aftet its fixture; the toot has bent sharply down- 
wards ill its growing portion, so that its apex penetrates the men ury ; the resistance experienced by it in so doing is shown 
in the form of the part of the root lying just behind the downw.iul curve. The stem has curved upward ironi its base, 'J lie 
position of the bud is independent of the at turn of gravitation ; it is a phenomenon of nutation 


vertically cither downwards or upwards; the former, for example, in primary roots, 
the latter in many primary stems. In lateral branches, leaves, and secondary roots, 
similar phenomena occur, though not so markedly. Internal processes of vegetation, 
the weight of the upper parts, or the influence of light, act in opposition to that of 
gravitation, so that conditions of equilibrium arise which cause the organs to stand 
horizontally or obliquely to the perpendicular. 

Thus the vertical direction of primary roots and stems, and the oblique direction 
of their lateral branches, are determined solely by gravitation, or at any rate to 
some extent, so long as these parts are still growing; when they subsequently 
become lignified or cease to grow, they maintain the position once acquired. If 
therefore a growing plant rooting in the ground (inside a pot) is placed horizon- 
tally, the mature parts remain in this position ; but the apex of the primary root 
turns downwards, and the growing internodes of the end of the stem turn upwards, 
the leaves, branches, and secondary roots also bend until they make about the same 
angle with the horizon that they did before the change in their position. The parts 

3 n 2 
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which were actually growing when the change was made are shown by the curvatures 
caused by the influence of gravitation. 

Although we must defer till the fourth chapter the consideration of the internal 
changes which accompany these curvatures, the proofs that they are really caused by 
gravitation may be presented in the two following forms : — 

(1) Individuals of the same species have everywhere on the earth’s surface the 
same position with respect to the horizon, and therefore also with respect to the 
earth’s radius. Upright stems therefore, such as those of Pines, grow in South 
America in totally different directions from what they do with us ; if their axes of 
growth were elongated downwards, they would intersect in the centre of the earth, and 
coincide with its radii. It follows therefore that their direction of growth must be 
determined by a force which stands in a perfectly definite relation to the position of 
the earth’s centre of gravity. But there is only one such force, viz. gravitation or the 
attraction of the mass of the earth. The same argument holds for horizontal or 
oblique branches, leaves, and roots, since these form a constant angle with the 
primary 'stem. 

(2) Gravitation differs from other forces in acting independently of the 
chemical or other properties of the body, being regulated only by its mass ; but 
the same property is also possessed by centrifugal force. If, as Knight 1 first 
showed, a growing seedling is made to rotate with a rapidity sufficient to bring 
centrifugal force into play, this force acts on the different parts like gravitation ; 
i. e. the parts which would otherwise be influenced by gravitation (as the primary 
root) now follow the direction of the centrifugal force and grow outwards from 
the centre of rotation, while the stem, which would otherwise grow upwards con- 
trary to the direction of gravitation, now assumes a direction towards the centre 
of rotation, /. t . in a direction opposite to that of the acting force. This law is 
strikingly illustrated when seedlings, the roots and stems of which had previously 
grown in one straight line, are fixed upon a rotating disc (protected from 
evaporation by a bell-glass) in such a manner that the axis of growth has a 
tangential direction. The mature parts maintain this direction during the rotation, 
while those which are still growing bend so that the apices of the roots point 
outwards and the apices of the stem inwards (towards the centre of rotation). If 
the rotation takes place in a horizontal plane, gravitation acts, in addition to 
centrifugal force, on the growing parts, and the direction of the stem and root 
becomes oblique. But when the rotation is very rapid, it is possible to increase 
the centrifugal force to such an extent that the axis of growth remains nearly 
horizontal. If, on the contrary, the seedlings arc fixed to a disc rotating in a ver- 
tical plane, each side of the growing part is in turn directed for a short time 
upwards, downwards, to the right, and to the left. The action of gravitation there- 
fore affects all sides equally ; i. e. the growth of the organ is practically inde- 
pendent of gravitation. Centrifugal force is therefore the only force that acts on 
the growing parts ; and the root takes an outward radial direction even when the 
disc is not rapidly turned, the stem an inward radial direction. If however the disc 
is made to turn very slowly in a vertical plane (round a horizontal axis), so that 


1 Knight, Phil. Trans. 1806, j>art I. p. 99. 
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there is in fact no centrifugal force (as by intermittent turns, one revolution in ten 
to twenty minutes with a radius of from 5 to 10 cm.), I have shown 1 that the organs 
then grow neither in the direction of gravitation nor in that of the centrifugal force, 
but just in those directions in which they had happened to be placed when fixed in 
the vessel. Under such conditions parts which normally grow straight often curve 
in a plane quite independently of external forces, and this can only be due to 
internal causes of growth which are distributed unequally round the axis of 
growth. Thus, for example, primary roots and stems of germinating seeds (. Faba , 
Ptsum , Fagopyrum , Brassica) will not. lie in a straight line, but their respective axes 
of growth will intersect at any angle up to a right angle, the anterior side of the 
base of the stem growing more rapidly than the posterior side, and thus causing a 
curvature. It is clear that the direction of the secondary roots which spring from 
the primary root, as well as that of the leaves on the stem, is also, under these 
conditions, affected only by internal causes of growth. It is only in this way that 
we can explain the directions and forms assumed by parts of plants when unin- 
fluenced by gravitation, centrifugal force, or hcliotropic curvatures, which could not 
occur in these experiments. 


CHAPTER IV. 

THE MECHANICS OF GROWTH. 


Sect. 11. Definition. The growth of crystals consists in an increase of their 
volume by the apposition of homogeneous particles in definite directions. In plants 
the process which we call growth is much more complicated ; and the term is 
employed in different senses, according as we are speaking of the growth of a grain 
of starch or of a chlorophyll-granule, of part of a cell-wall, of a whole cell, or of a 
multicellular organ. The common point in all these processes is that they depend 
at last on the intercalation of new micellae between those already in existence, in 
other words on intussusception, as has already been explained in the first section 
of Book III. But even in structures so simple as grains of starch or parts of 
cell-walls, we are met with insurmountable difficulties when we attempt to explain 
the mechanical process of growth in all its details ; and the present state of our 
knowledge by no means enables us to propound a connected theory of the 
growth of the entire cell or of a multicellular organ. We arc in fact at present 
able only to follow empirically the processes of growth in detail, their causes 
and results. After this we may attempt to form definite ideas of the separate 

1 Wiirzburger Med.-Phys. Gesellschaft, March 16, 1872: [also, Ueb. Ausschlicssung der geo- 
tropischen und heliotropis ,hen Kriimmungen wahrend des Wachsens, Arb. d. bot. Inst, in Wurzburg, 
II. 2, 1879. Sachs calls the apparatus used for this purpose a Cfinostat.~\ 
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processes, taking for granted at the outset the purely formal phenomena of mor- 
phology, and regarding as the ultimate object of the enquiry the obtaining an 
insight into the mechanism of growth. If the solution of this difficult problem 
must be deferred to a distant future, it at any rate lies within the scope of this 
work to collect together the ascertained phenomena. But even here we meet 
with the difficulty that no one has as yet undertaken to limit the term Growth to 
a definitely circumscribed idea. The term is however always employed in the case 
of plants and animals to designate permanent changes in form or volume or both, 
brought about by internal causes, themselves the result of organisation, and in their 
turn excited and maintained by definite external causes, as heat, light, gravitation, 
the supply of food-materials, water, &c. Changes in the form or volume of parts 
of plants that remain quite passive to external forces, and in which changes no 
organising process cooperates, ought not to be included in the term Growth. Thus, 
for example, there is no growth when the form or length of an internode or root 
is altered by simple stretching, pressure, twisting, or bending (it may be by the 
hands). It is quite possible however that under certain circumstances internal 
changes'* might be brought about by external influences to which the part of the 
plant is at first altogether passive, but which, combined with organising processes, 
cause true growth or changes of growth. By organising processes I understand those 
internal changes which fulfil the two following conditions: — firstly, they arc caused 
by the specific organisation of the part of the plant, which is of such a nature that 
any external influence can only effect changes in accordance with it; secondly, 
they result in a permanent change of the organised part which is not at once 
reversed by opposite external influences. If, for example, the elevation of the 
temperature above the inferior limit (see Sect. 7) has caused an increase in volume 
of the embryonic structures already saturated with water, the parts will not contract 
to their previous volume when the temperature again falls below this point, but will 
retain the increase acquired during the higher temperature ; in other words the 
process is not reversed, it only ceases. Microscopic as well as other kinds of ex- 
amination also show that the internal organisation has undergone permanent change 
varying with the specific properties of the plant. If on the contrary a stem is 
allowed to wither from want of water, it becomes shorter and ceases to grow ; when 
it again absorbs water it becomes longer and thicker and begins to grow. The 
contraction on withering and the lengthening on the absorption of water are mere 
physical phenomena ; but the lengthening and thickening of a part resulting from 
continued turgesccnce may actually depend upon growth, the organisation of the 
plant being altered permanently and to an amount varying with the species by the 
operation of the turgescence. It is again the result of permanent and specific 
change of organisation when a tendril, in consequence of the light pressure of the 
body to which it clings, lengthens less on the side in contact, more on the opposite 
exposed side; the curvature thus caused does not disappear if the pressure has 
lasted long enough ; the whole phenomenon is therefore one of growth. When, on 
the contrary, the motile organ of a bends downwards in consequence 

of irritation, and afterwards again bends upwards, this is, it is true, caused by the 
peculiar organisation of the plant; but the movement induces no change in the 
organisation itself, and its effects are not permanent, the leaf soon returning to 
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its original condition. The sensitiveness of the leaves of Mimosa does not there- 
fore depend on a change of growth caused by the irritation ; while the power of 
tendrils to curl round supports depends, it is true, on sensitiveness, but of such 
h. character as to cause a change in the processes of growth. 

If increase in volume is included in the idea of growth, as is the case in 
ordinary language, the rigorously scientific use of the word would require special 
care ; for if we simply say that a plant or a part of a plant of considerable size 
grows, this may be accompanied actually by a decrease of the whole volume. Thus, 
for example, when bulbs sprout or seeds germinate in the air, the whole does not 
grow, but only the younger parts develope at the expense of the older, which in 
addition give off aqueous vapour and carbon dioxide. It is therefore necessary to 
distinguish accurately the growing parts from those connected with them which do 
not grow. 

There are however changes of form in the parts of plants which are not asso- 
ciated with increase, and which may even be attended with decrease in volume, but 
which nevertheless depend on a permanent and irreversible change of organisation. 
Thus, for instance, the pith, after removal from the internodes, increases in length 
for days even while it loses water by evaporation in air that is not saturated. It 
would scarcely seem convenient to exclude these and similar phenomena from the 
idea of growth ; and it is therefore necessary to distinguish between growth with 
and growth without increase in volume ; in tin 4 latter case growth consists in a mere 
change of form which again depends on an alteration of position of the smallest 
particles. Every case of increase in volume of a grain of starch or of a cell must 
not be regarded as growth, inasmuch as it may be caused by absorption, and 
may be reversed by loss of water; nor is it necessary that growth in a single cell 
should be associated with increase in volume, since particular parts of the cell may 
furnish material for the increase of other parts. In this case the cell considered as a 
whole only changes its form ; and if this change is caused by internal organising 
forces, it must be considered as a kind of growth. Those changes in the form and 
volume of cells must, on the other hand, be excluded from the idea of growth which 
occur only occasionally and admit of being completely reversed, as is the case with 
the contractile organs of sensitive and periodically motile leaves. 

An error which is constantly made by those who arc unacquainted with physiology 
is to confuse the ideas Growth and Nutrition, or to consider them identical. It is no 
doubt true that all growth must be associated with the conveyance of food-materials 
to the growing parts ; but these food-materials are usually withdrawn from older parts 
where they were previously inactive; the whole organism, consisting of both growing 
and non-growing parts (for instance a bulb suspended and putting out leaves in the air), 
is not nourished as such from without. The growth of certain parts is therefore no indi- 
cation of nutrition of the whole. Still less necessary is the connection between growth 
and nutrition from without ; the special organs of niftrition, the green leaves, do not 
grow after they are mature, although they carry on the process of nutrition. The two 
processes may coincide both in place and time, i.e. in the same cell; but may also be 
separated in both space and time ; and this is indeed usually the case, as has been suffi- 
ciently shown in Sect. 5. 

Sect. 12. Various Causes of Growth. Growth, like all vital processes, takes 
place only when certain favourable external conditions coexist. These are the presence 



MECHANICS OF GROWTH . 


776 

of assimilated food-material, water, oxygen, and a sufficiently high temperature. 
Under these conditions individual cells or masses of tissue may grow, provided that 
their organisation permits it. But independently of these conditions there are others, 
as we have seen in the last chapter, which, without absolutely causing or arresting 
growth, nevertheless influence it; as light, gravitation, and pressure. The first- 
named may be called the necessary, the last the secondary conditions of growth. 
In all growth all the necessary conditions must concur while the secondary conditions 
intervene only in certain cases, and exert their modifying influence very differently 
on the corresponding parts of different plants. 

The conditions spoken of as Necessary and Secondary depend upon the en- 
vironment of the plant, and act upon it from without. They may therefore be 
described as External Conditions or causes of growth, in contradistinction to the 
Internal Conditions dependent on the organisation of the plant. The existence of 
the latter conditions is most strikingly manifested in the fact that all parts of plants 
are able to grow only during a certain time ; when this time — the period of youth 
and development — is past, they no longer grow, even when all the favourable 
conditions concur. This shows that the internal organisation undergoes changes, 
which at length render the continuance of growth impossible. But even in organs 
which are still growing a certain independence of external circumstances may be 
perceived ; an Oak-leaf invariably grows differently from an Elm-leaf, an Oak-fruit 
from an Oak-root. The differences of these processes of growth is at once manifest 
in the difference of form and of the other properties of the organ ; and no com- 
bination of external circumstances has the power of giving to a root, by change in 
its growth, the form of a leaf or to an Oak-leaf the structure of an Elm-leaf. There 
arc also certain internal conditions of growth which do not decide, like the age of an 
organ and the necessary external conditions, whether growth shall take place, or at 
what rate ; but determine how it shall proceed, and what specific and determinate 
organisation shall be attained by it. This latter circumstance depends only on the 
parent plants, or in other words on the species or variety to which it belongs. 
Descent determines the specific character of the growth ; all the other conditions 
determine only whether growth shall take place at all, and with what rapidity and 
energy. The innate internal conditions that regulate the nature of the growth of 
the plant, when once present cannot again be destroyed or reversed ; while the ex- 
ternal conditions may be at one time brought into action, at another time set aside. 
The internal and external conditions of growth may therefore be distinguished as 
the historical and the physical ; but those properties of a plant which have been 
obtained historically are generally termed hereditary . This expression is not open 
to objection unless heredity be considered, as has recently been done by many, 
as a kind of natural force requiring no further analysis. For in distinguishing 
hereditary conditions of growth — i.e. those that have been acquired historically — 
from physical ones, it is not meant that the former do not also owe their existence 
to physical causes, but only that besides the accidental concurrence of physical 
conditions, it is also necessary to take into account certain characters which the 
plant has acquired when in the embryonic condition (in the broadest sense of 
the term) in the form of definite specialities of organisation through the influence 
of its parents. 



VARIOUS CAUSES OF GROWTH, 


777 


These suggestions must suffice here. The extremely difficult question which 
has been raised may be illustrated by far-fetched and elaborate explanations, but 
cannot be satisfactorily answered. 

The external or physical causes of growth are the only ones that can be 
submitted to direct experimental investigation ; the internal hereditary causes must 
be considered simply as something that exists and that is in the main unalterable ; 
for if it were possible to change some of the mechanical and chemical properties 
of a tissue by means of external influences, this could not affect the true kernel 
of the hereditary characteristics ; and again conversely, changes in these hereditary 
peculiarities, or variations , are never brought about by direct external influences, 
but only by unknown internal changes. Since therefore the specific peculiarities 
in the organisation of a plant are something in its nature that is entirely unknown, 
any investigation of the processes of growth must rest satisfied with showing the 
mode in which they are always associated with constant internal conditions, and 
what visible changes are produced in the processes of growth by physical influences. 
We cannot therefore be astonished if in the action of known external causes — 
light, gravitation, &c. — on plants, effects are produced which appear altogether 
strange to one accustomed to examine purely physical processes; but this aston- 
ishment disappears when it is borne in mind that the specific organisation of a 
plant itself represents a complexity of causes which we# cannot analyse, and there- 
fore are unable to estimate. It is in the constant recognition of this unknown 
factor — which causes physiological effects to turn out so entirely different from 
purely physical ones— that the difference between physiology and physics consists. 
The most striking mode however in which the aggregate of conditions of growth 
manifests itself in the inherited organisation, is when the same external causes pro- 
duce entirely opposite effects on plants belonging to different species and even on 
different parts of the same plant. 

To understand correctly the phenomena of vegetation, it is also necessary to 
distinguish between the direct and indirect action of external conditions on growth. 
For since growth is always dependent primarily on the presence of assimilated 
food-materials, light, temperature, or other external conditions may indirectly in- 
fluence growth by affecting the formation and transport of the food-materials. 
But it is also possible and even probable that the mechanical process of intus- 
susception itself on which growth is directly dependent may be modified by those 
and other causes the influence of which on growth is therefore in that case a direct 
one. The growth of one part may also be indirectly promoted or retarded by the 
growth or the removal of another part. 

The unknown factor which exists in the inherited properties of organisms is by 
no means without analogy in inorganic nature. Chemists and physicists have also to 
assume peculiar properties of elementary substances. The aggregate of properties by 
which a particle of iron is absolutely distinguished from a particle of oxygen is as 
unknown and much more invariable than the aggregate of physiological causes which 
distinguish the inherited properties of an Oak from those of a Pine. 

So far as the definition given above of historical properties concerns the inherited 
specific peculiarities of plants, the expression is not a metaphor from the point of 
view of the Theory of Descent, but must be taken in its literal signification. The 
specific properties which determine qualitatively the growth of each organ have 



MECHANICS OF GROWTH. 


77 8 

sprung up successively in the course of time, /. f. in a series of generations. The 
chief evidence in favour of this view will be given in the last chapter of this work. 
It need only be mentioned now that this theory of the genesis of specific properties 
indicates the only possibility of arriving at an understanding of them in accordance 
with the laws of causality. At the present time this is possible only in the most 
general outline. 

The use here made of the terms ‘historical’ and ‘physical* may also be illustrated 
from another subject in the following manner. The nature of the geological form- 
ations of which the crust of the earth consists can be understood only from a 
historical point of view, because it is only at particular spots and at particular times 
that the conditions have concurred which produced, lor example, the Chalk or the Old 
Red Sandstone. The formation of these rocks was dependent on chemical and 
physical processes, which must however have been preceded by other physical 
changes in the crust of the earth, in order that these rocks should be formed exactly 
at particular spots and particular periods. A crystal of sodium chloride can, on the 
contrary, be produced at any time, for the necessary conditions may be artificially 
brought together. Pseudomorphism of crystals can again be explained only from a 
historical point of view, although it is certain that the chemical and physical properties 
of the substances are alone concerned in the process. 

We see therefore — and this is the object of these remarks— that the historical 
explanation of a natural phenomenon does not exclude its explanation from a physical 
point of view, but on the contrary includes it where we have to do with natural 
phenomena; and this principle is equally applicable to those properties of vegetable 
species which have been acquired hereditarily or historically, even when the application 
is practically much more difficult than in the case of inorganic nature. 

Sect. 13. General Properties of the Growing Parts of Plants 1 . From 
the consideration 'of this subject the true crystals which are found in cells inay be 
entirely excluded, since they do not differ in their general properties from those 
which occur elsewhere. The organised elementary structures on the contrary, the 
protoplasm, the nucleus, chlorophyll-granules, starch-grains, and the cell-walls, ex- 
hibit properties which distinguish them from all unorganised bodies. 

These organised bodies are, in the first place, all capable of swelling ; i. e. 
they have the power of absorbing water or aqueous solutions between their solid 
particles with such force that the particles are forced apart ; the whole structure 
increases in size, and can thus exercise considerable pressure on the surrounding 
parts. If water is by any means withdrawn from the body which has thus swollen 
tip, its particles again approach one another, and with such force that considerable 
strains may be exerted on the adjoining parts connected with it ; as, for example, is 
shown in the bursting of dry capsules. The swelling and desiccation of organised 
parts may therefore cause change of form in the surrounding parts, i.e. in other 
organised parts. This power of swelling is of still greater importance, since it is 
this process that renders possible the interchange of sap between the individual cells 
as well as between whole masses of tissue. In order that growth by intussusception 
may take place, the dissolved food -materials must be able to enter by imbibition be- 
tween the particles of the growing structure, and the chemical processes must take 
place there which construct from the dissolved food-materials solid particles to be 
intercalated between those already in existence, and in consequence of which the 
organic mass alters its volume and form (see Book III. Sect. 1). 

1 See Niigeli 11. Schwcndencr, Pas Mikroskop, j>. 540 et seq. 
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A second general property of the organised parts of plants is that they change 
/heir form when the external conditions remain perfectly unaltered, internal changes 
being the only efficient cause. Almost every process of growth is associated with 
change of form. These facts may be more briefly described by ascribing to 
organised structures endowed with the power of growth internal forces or plastic 
tendencies, if it is clearly understood that the term is only used to express a still 
unresolved aggregate of causes. As a result of these internal forces, organised 
structures have the power of overcoming resistance. Thus, for example, plasmodia 
which are constantly altering their form are able, notwithstanding their gelatinous 
and very soft nature, to overcome their own weight, and to creep up solid bodies. 
In the same manner the growth of the wood takes place with such force as to over- 
come the very considerable pressure of the surrounding bark. 

But although the internal causes of these plastic tendencies are able to over- 
come certain obstacles, it is on the other hand certain that growth is also influenced 
by external forces, such as pressure, traction, stretching, bending, &c., which are 
able to alter the form of solid bodies. The observations which have been made on 
this subject will be collected in the following sections ; but it is in the first place 
necessary to define certain terms which will frequently be employed. 

Like unorganised solid bodies, those which are organised oppose a greater 
or less resistance to the external forces which tend to alter their form ; and are 
hence divided into hard and soft bodies. A hard body is one which offers con- 
siderable resistance, like many lignified or silicifled cell-walls ; a soft body is one 
which oilers very little resistance, like protoplasm, chlorophyll-granules, or swollen 
cell-walls which have ceased growing, as gum-tragacanth. Structures which become 
disintegrated under pressure and traction rather than undergo any considerable 
change of form are brittle , like grains of starch or crystalloids of aleurone. If, on 
the contrary, they are capable of undergoing considerable changes e** form, whether 
this take place by pressure or traction, they are extensible. It is clear that flexibility 
depends to a certain extent on extensibility, since the side of the bent part which 
becomes concave is compressed, the convex side stretched. All these properties are 
relative, and the same body may exhibit different phenomena according to the 
nature of the external forces which act upon it. Thus, for example, under a 
sudden blow the apex of a root behaves like a brittle body, and breaks easily, while 
it is flexible if slowly bent. 

If the form of an extensible body has been changed by pressure, traction, or 
bending, and if, when then left to itself, it retains the form to which it has been 
forced, it is called inelastic ; if, on the other hand, it resumes its original form, it 
is elastic. If the changes of form produced by external causes are small, they are 
usually completely reversed when the body is left to itself, and within these limits 
the body is perfectly elastic ; but if the change of form exceeds certain limits 
dependent on the nature of the body and the length of time during which the force 
has been acting, it does not again assume exactly its previous form. The greatest 
amount of change which yet permits a complete restoration of the original form 
determines the Limit of Elasticity of the body ; when this is exceeded, the stretched 
substance partially retains the form which it has been made to assume, and the less 
complete the return to its primitive shape the more imperfect is its elasticity. It 
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would appear as if all bodies were imperfectly elastic to any long-continued stretch- 
ing or alteration of form, and as if there were no limit of elasticity in the case 
of very long-continued but weak external influence. In all these points organised 
bodies, especially the growing parts of plants, exhibit the same phenomena as unor- 
ganised bodies. It must however be remembered that the terms explained above 
have reference only to effects visible externally ; the internal changes which bring 
about the same external effect may be very different in different bodies. Rigidity, 
t. e. resistance to bending, depends, for example, evidently on very different internal 
conditions in the case of a woody cylinder and of a succulent stem or root consist- 
ing mainly of parenchyma. This is at once experimentally proved by the woody 
cylinder becoming less flexible and even brittle from loss of water, while the 
flexibility of succulent parenchyma is thereby increased. This is readily understood 
on recollecting that the flexibility of the woody cylinder depends on that of the walls 
of the wood-cells, which are not closed cavities, and therefore cannot become turgid, 
while the flexibility of parenchymatous tissue depends on the change of form of the 
closed turgescent cells, the extensibility and elasticity of the cell-walls taking only 
a subordinate part. Changes of form take place however more easily the less the 
turgidity of the cells ; a parenchymatous tissue may be compared to an aggre- 
gation of bladders each of which is full of water; if they are all turgid with water, 
each bladder is tense and rigid, as also is the whole; if, on the contrary, they 
contain only enough water to fill without distending them, each separate bladder is 
flaccid, as also is the whole, which can therefore be bent in any direction. A mass 
of parenchyma may therefore be stiff and rigid even if its cell-walls are thin and 
very flexible, if only they are firm enough not to give way from the pressure of the 
water which stretches them, or to allow it to filter through. The flexibility and elas- 
ticity of the moist cell-wall cannot however be compared directly with these pro- 
perties in a perfectly dry cell-wall or a strip of metal, as Nageli and Schwendener 
(/. c. p. 399) have already shown. 4 If we consider first of all/ they say, ‘a frag- 
ment of moist cell-wall, say a lamella of the thallus of Caukrpa, a bast-fibre 
thickened so that the cell-cavity has disappeared, a spiral vessel, and so forth, it is 
proved by their behaviour to polarised light that stretchings, bendings, and other 
similar forces do not perceptibly change the arrangement of the atoms in the crys- 
talline micellae, but that only the distance of the micellae themselves from one 
another is increased or diminished. On the other hand it is known that water 
is retained in the moist cell-walls with great force ; and microscopic examination 
has shown that it cannot be forced out by bending or by compression of the part. 
No other hypothesis is therefore possible, except that the amount of water in a tense 
cell-wall is the same as in one in a neutral condition. The particles of water are 
therefore merely displaced by external forces, but arc not forced out ; they move, 
for example, with the bending of the part from the concave to the convex side, but 
afterwards fill up as completely as before the micellar interstices of the substance ; 
and, since the sum of their tensions is but slightly altered, also occupy nearly the 
same space. If the same reasoning is applied to tissues without intercellular spaces 
and filled with sap, it is perfectly obvious that the cell-walls are not susceptible 
of change of volume any more than in the previous case. The same is the case 
also with the fluid contained in the cells. The only question now remaining is 
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whether the changes of tension which are caused by external forces modify the 
permeability of the cell-walls at least in places. If this were the case, then when 
a tissue is compressed — since the hydrostatic pressure (turgidity) is in no case 
decreased by it, but the resistance of the cell-wall weakened 1 — a part of the cell- 
fluid must obviously be forced out, until the hydrostatic pressure has again reached 
an equilibrium with the diminished resistance of the cell-walls. In the same 
manner the effect of traction on a tissue must be to cause an influx of water 
into it, or, if this is prevented, the formation of an fempty space 2 . If, on the 
other hand, the changes of tension which occur in plants have no perceptible 
influence on permeability, the tissues simply possess the properties of moist cell- 
walls; in any condition of tension 3 they always occupy the same space 4 .* 

In order to understand many of the phenomena now to be described, it is 
necessary to have a clear conception of the changes which a cell filled with sap 
undergoes in reference to its turgidity when it is compressed or stretched or 
simply bent by external forces. By Turgidity we understand the hydrostatic pres- 
sure which the water absorbed by endosmosc exercises equally on all sides on the 
cell-wall, and which reacts on the contents in consequence of the elasticity of the 
cell-wall; so that in a turgid cell, while the cell-wall is stretched, the contents 
are compressed. A clear conception of this state of mutual tension of the cell- 
wall and cell-contents may be obtained by closing a short wide glass tube at one 
end with a firm fresh bladder free from holes, pouring in a concentrated solution of 
sugar or gum, and finally closing also the other end with a thick bladder. This 
artificial cell, placed in water, absorbs it by endosmose with great force ; the pieces 
of bladder which were previously stiff and tense arch into a hemispherical form 
and offer great resistance to pressure. If a hole is punctured by a fine needle in 
the bladder, a jet of fluid several feet in height springs from it. The force which 
drives out the fluid with such violence is the elasticity of the strecched bladder ; 
but the cause which brings this elasticity into play is the endosmotic attraction for 
water of the fluid contained in the cell. 

If we suppose in the case of a vegetable cell enclosed on all sides a degree of 
turgidity sufficient to stretch the cell-wall perceptibly, but leaving it still capable 
of further tension without bursting, and if this cell-wall is supposed to be extensible 
and elastic — as is especially the nature of growing and non-lignified cell-walls — the 
question presents itself : — What changes does the turgidity of the cell undergo when 
it is stretched or compressed by external forces or otherwise altered in form ? This 
question can be sufficiently answered for our purpose by the simple contrivance 
represented in Fig. 478. K is a wide and thick india-rubber tube to which the glass 
tube closed at g, acts as a stopper. After filling K with water, the glass-tube R ,‘ 
open below at 0 , is fixed in and firmly fastened, the level of the water standing 

1 These words are not clearly intelligible. Turgidity or the tension of the cell-wall is always 
increased, as we shall see directly, by pressure from without on a turgid cell; its resistance to 
filtration may in this manner be at length entirely overcome. 

2 Of course only when the cell-wall does not Income folded. 

3 By tension is here clearly meant bending, stretching, or pressure from external forces. 

4 The discussion given on p. 354 of the work quoted with respect to the alteration of the 
micellar structure of cell-walls by violent mechanical and chemical forces is of no importance for our 
present purpose. 
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somewhere about n in the thin drawn-out upper end of the tube. In order to give 
to the india-rubber tube, which here represents the cell- wall, a sufficient tension from 
the outset, it is convenient to make the thin end of the tube R from 20 to 30 cm. 
long, and to raise the level n in proportion. The wide part of R is fixed in a 
holder, so that the cell hangs down. A condition of equilibrium is thus established 
between the elasticity of the india-rubber tube and the hydrostatic pressure which 
can be compared with the turgidity of the vegetable cell ; and in this condition the 
water-level stands at n. If the tube S is now pulled downwards, the clastic tube 
is lengthened and at the same time made narrower, but the amount of space enclosed 
by it is increased, as may be seen by the falling of the 
water-level n in the narrow glass tube. If on the other 
hand the glass tube S is pushed up and the india-rubber 
tube thus compressed without any bending or creasing 
taking place in A", the space enclosed by the tube K is 
diminished, as is show n by the rising of the water-level n. 
The same thing takes place when the tube K is bent in 
any way, or when it is compressed on any side h 

It is evident that if the upper glass tube R were closed 
at ;/ so as to prevent a rise or fall of the water-level, any 
change which previously caused a rise of the level would 
now' occasion an increase of the hydrostatic pressure, and 
vice versa. It may therefore be stated that in a closed 
and turgid cell any pressure acting from without or any 
curvature increases the turgidity, while any stretching of 
the cell diminishes it. If we imagine a straight succulent 
stem or a growing root to be bent, the cells on the con- 
vex side will be stretched, those on the concave side com- 
pressed, and the turgidity will be diminished in proportion 
in the former and increased in the latter. This result is 
very clearly confirmed if a very succulent rapidly growing 
internode of the Grape-Vine is slowly but firmly bent till 
it describes about a semicircle. It will be observed that 
during the bending a number of small drops of water 
escape in rows from the epidermis on the concave com- 
pressed and shortened side. It is indifferent whether they 
escape through fissures or are forced out through the cell- 
walls ; in either case they show that the cells display a 
higher degree of turgidity on the concave compressed side than when the internode 
was straight. 

In the present state of our knowledge, if we would keep clear of uncertain 
speculations, the considerations now given must be considered as by no means 
complete ; but they are sufficient to draw the attention to conditions which must be 
taken into account as existing in the interior of the growing parts of plants when 
they are subject to pressure, traction, bending, and so forth, frojn external forces. 
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But if these internal changes are for the time left out of account, the purely external 
effect of the forces already mentioned is deserving of greater attention than it has 
hitherto received 1 . It would be of essential service, for instance, to ascertain at 
what point a growing internode, root, leaf, &c. possesses the greatest extensibility, 
flexibility, and elasticity, and whether this point coincides or not with that of the 
most vigorous growth, and how perfect is the elasticity of the part ; and so forth. 
We shall see that even somewhat crude observations in this direction afford results 
which enable us to remove old errors and avoid new ones. 

Compared with the extensibility of mature internodes and parts of internodes, 
that of rapidly growing parts is very considerable, but their elasticity, on the con- 
trary, is very imperfect. But the greater the development of the wood of a growing 
part, the greater is its elasticity and the less its extensibility. In young non-lignified 
roots, on the contrary, the resistance to bending is greater in the youngest than in 
the older parts, especially those whose growth in length has long been completed. 
The extremities of roots, very young leaves, and the ends of stems still enclosed 
in the bud, are generally brittle under a blow or pressure, but pliable and plastic to 
long-continued action of this kind, a condition that gives place during growth to 
an increasing resistance to sudden blows, which is in the first place due to in- 
crease of extensibility, afterwards to increase of elasticity. 

In rapidly growing stems, leaves, and roots, the limit of elasticity is easily over- 
stepped even by momentary flexion ; and they always retain afterwards a slight 
though distinct curvature. It is often even possible, especially with roots and slender 
internodcs, to give them any desired form by repeated bending with the fingers in 
different directions, like a thread of wax or a red-hot iron wire, without the power 
of growth being at all injured by the process. This effect is attained with greater 
certainty by exerting on the growing structure a flexion which is prolonged although 
small in amount. Thus the pedicels of many flowers are bent downwards by their 
weight, and retain this curvature even when the weight is removed, until a new con- 
dition of growth imparls greater elasticity and firmness to the tissues : under the 
influence of gravitation they then grow more rapidly on the lower side, become 
upright, and raise up the still greater weight of the fruit ; as is strikingly seen 
in Fritillaria imperialism Anemone pralcnsis , and many other plants with pendent 
flowers and erect fruits. In other cases again the curvature, which was at first 
due merely to external causes, becomes permanent and fixed in the tissue itself 
by the processes of growth, as in the fruit-stalks of Solatium Dulcamara . 

One of the most striking phenomena of this class is that a lateral blow below a 
growing internode causes it to assume a curvature in the direction assumed by the 
internode at the moment of impact. The same thing occurs when the upper part of 
a shoot is taken in the hand and a curvature imparted to it similar to that caused by 
the blow. The upper part acquires in consequence a pendent position, which may 
however be again neutralised by subsequent growth. 

There has been as yet no exact or detailed investigation of the elasticity of 
growing shoots, roots, and leaves; and the enquiry is, as I have convinced myself, 
attended with considerable difficulty. Observations sufficient to enable us to study 

See A. P. Pe Candolle, Physiologic* Wgrtale, vol. I. p. n. 
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some of the phenomena of vegetation to be described in this chapter can however 
be made with the simplest methods and apparatus. 

(a) Extensibility qf growing Internodes . The upper and lower end of an internode 
• of a freshly cut fragment of a stem were marked with Indian ink. The shoot was 
held above and below the marks, laid on a micrometer graduated to millimetres, and 
stretched as strongly as possible without breaking 1 . The result is shown in the 


annexed table: — 

Name. 

Original length 

Amount of temporary 

Amount of permit* 

of internodc. 

elongation. 

nent elongation. 

1. Cimicifuga racemosa 

296 mm. 

6*8 p.c. 

3*5 P-C. 

2. Sambucus nigra 

26 

1 8*o 

5*4 

The next older internode 

65 

3 *i 

1*1 

A still older internode 

1 J 5 

*8 

•0 

3. Aristolochia Sipho 

102*5 

4*4 

1*0 

T he next older internode 

242 

2*2 

*4 

4. Aristolochia Sip ho 

33*5 

10*4 

1*5 

The next older internode 

252*5 

i-8 

*4 

5. Aristolochia Sipbo 

7 i *5 

6*3 

3*5 

The next older internode 

226 

2*6 

*8 


Imperfect as was the method of observation, these figures nevertheless show (i) that 
growing internodes are highly extensible, (2) that extensibility decreases with age, 
(3) that elasticity increases with age. 

(b) Elasticity to flexion of growing Internodes . Internodes of fresh turgcsccnt shoots 
were cut off, and bent on a card on which concentric circles were drawn ; the axis 
of the internode was made to coincide as nearly as possible with one of the circles ; 
the radius of this circle is recorded in the following table as the radius of curvature . 
The internode was then left to itself, and its permanent curvature determined in the 
same manner. The branch was then bent on the other side, and so on, as shown 
by the table. The internode was finally laid with its concave side on the measuring 
rod and pressed straight on to it. 



Length of the 

Radius of 

Radius of cur- 

Thir kness of 

Name. 

curvature 

vature when 

the middle |Mrt 


internode. 

when bent. 

left to itself. 

of the internodc. 

Valeriana officinalis ; stalk of 
young inflorescence. 

Before bending . * . 

200 mm. 

cm. 

cm. 

6 mm. 

1. Bent .... 

— 

4 

*3 


2. Bent in opposite direct. 

— 

4 

21 


3. Bent as in (1) 

— 

4 

23 


4. Bent as in (2) 

— 

4 

24 


Straightened 

201*5 

— 

— 


Cimicifuga racemosa . Before 

bending .... 

1. Bent .... 

2. Bent in opposite direct. 

165 

5 

5 

19 

22 

5 

Straightened 

165-5 

— 

— 


Heraclettm sibiricum ; stalk of 

umbel. Before bending 

1. Bent .... 

2. Bent in opposite direct. 

165-5 

5 

5 

18 

23 

5 


1 This somewhat primitive method of stretching, which of course does not furnish an exact 
measure of the extensibility of different internodes, was employed because stretching by means of 
weights necessitate:, fastening the shoot, which is attended ith great inconveniences. 
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Name. 

3. Bent as in (1) 

4. Bent as in (2) 
Straightened 

Vitis vinifera; young internode 
Before bending . 

1. Bent . 

a. Bent in opposite direct 

3. Bent as in (1) 

4. Bent as in (2) 
Straightened . 

Vitis vinifera ; older internode 
Before bending . 

1. Bent . 

2. Bent in opposite direct 

3. Bent as in (1) 

4. Bent as in (2) 
Straightened 


Length of the 
internorte. 

Radius of 

Radius of cur- 

Thickness of 

curvature 

vature when 

the middle part 

when bent, 

left to itself. 

of the intern ode, 


5 




5 

22 


167*0 

— 

* — 


47*5 

— 

— 

5*8 


2 

4 



2 

6 



2 

6 



2 

9 


47*5 

— 

— 


133*8 

— 

— 

7 


4 

8 



4 

*7 



4 

1 1 



4 

25 


133*0 

— 

— 



These examples, selected from a long scries of observations, show: — (1) that 
growing intemodcs are very flexible, (2) that after bending they do not altogether 
recover their straightness, or that the elasticity of curvature is imperfect ; (3) that 
repeated bendings constantly in opposite directions leave progressively smaller curva- 
tures 1 ; (4) that one vigorous bending, and to a still greater extent repeated ones 
in opposite directions, leave the internode flaccid, or deprive it of its rigidity (of 
which no special account is taken in the table); and (5) in the case of the three first 
examples, that an internode bent first in one and then in another direction lengthens 
slightly, while in the case of the two last there was no lengthening, but in one even 
a perceptible contraction. 

(c) Change of length of the concave and convex sides of a bent internode. Here 
again, as in paragraph b y the bending was done by the hands, and measured by the 
radius of curvature on a card on which concentric circles were drawn. The original 
length, as well as those of the sides which remain concave and convex after the object 
is left to itself, were measured by means of a carefully applied strip of card divided 
into millimetres. In order to get a great difference between the concave and convex 
sides, very thick internodes were selected, and their thickness measured in the 
middle. 



of 

Radius of 
curvature 

Radius of 
curvature 

Contraction 

Lengthening 


de. 

when bent. 

when left 
to Itself. 

concave side. 

convex side. 

Silpbium perfoliatum 






13*2 mm. thick. 






Before bending 

185 mm. 





Bent .... 


14 cm. 

26 cm. 

i mm. 

2 mm. 

Bent in opposite direct. . 


M 

30 

1 

1*5 

Straightened . 

185 





Ligularia macrophylla 






7*5 mm. thick. 






Before bending 

199 





Bent .... 


6 

17 

3*5 

4 

Bent again 


5 

n 

3*5 

4*5 

Bent in opposite direct. . 


6 

30 

*5 

1*5 


1 The curvature is less the greater the radius of curvature. 
3 E 
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These observations; show, as was to be expected, that the permanent curvature 
of an internode is connected with a permanent contraction of the concave and 
lengthening of the convex side. 

(d) As to the Distribution of Extensibility in growing shoots, the observations of 
de Vries 1 lead to this result, that in growing strongly turgcscent shoots a maximum 
of extensibility and of flexibility exists immediately below the terminal bud. From 
this point they diminish as the distance from it increases, and therefore also with 
the age of the parts. This statement holds good independently of the age of the 
growing shoots. 

(r) Sudden curvature of growing shoots from a blow or concussion. If upright growing 
shoots 2 are suddenly and violently struck below at a point where growth has ceased, 
the curvature thus caused advances upwards in the form of a wave, so that immediately 
after the blow has been given to the lower part the apex of the shoot is strongly bent, 
the concavity of the curvature lying on the side from which the blow was received. 
The elasticity of the bent part causes the apex to spring back immediately; but when, 
as we have seen, the elasticity is very imperfect, the shoot retains a part of its curvature. 
As soon as the shoot has come to rest after some oscillations, it may be observed that 
below the apex, where the shoot is most flexible to an ordinary passive curvature, a 
permanent curvature is established, the apex bending over, and always on that side 
fro n which the blow was received. In many cases this phenomenon is produced by 
a single blow from a stick, as e.g. in Fagopyrum , Ly thrum , and Senecio > flower-stalks 
of Digitalis , Cimicifuga , Aconitum , &c. ; in more rigid stems which are less flexible and 
more elastic at the corresponding part, the bending over of the apex does not take 
place till after three or four or even from twenty to fifty blows have been given to the 
lower woody part ; the amount of curvature also varies in different plants. If shoots 
are cut off low down so that a woody piece which has ceased to grow can be 
taken in the hand, and the shoot made to oscillate rapidly backwards and forwards, 
it assumes, when it comes to rest, a distinct curvature below the apex in the region 
of greatest flexibility. The plane of curvature coincides with that in which the 
oscillations take place, and the apex may bend to cither side; but the permanent 
curvature will always be concave on the side on which the oscillations were 
strongest. If finally a rooting shoot or one firmly held in the hand receives 
repeated lateral blows at its summit, that is, above the most flexible part, a perma- 
nent curvature is produced in this region, but it is in this case convex to the side 
from which the blows came. 

In all the cases which I have described the position of the permanent curvature 
is the same as that of the strongest curvature, even if acquired only momentarily 
by the shoot. The appearance is precisely the same as if the shoot were taken in 
the hand and then strongly bent once, or as if it were repeatedly bent backwards 
and forwards, but more strongly in one direction. Mere concussions which produce 
110 strong flexion of the shoot cause no permanent curvature; if shoots are 
enclosed in glass tubes and violent impulses repeatedly imparted to them by jerking 
the tubes upwards or swinging them from side to side no change is visible when 
the shoots are removed from the tube. 

If the part of a shoot susceptible of curvature is marked with ink in equidistant 
divisions, and is then made to oscillate by blows below this part, the convex side 
of the permanent curvature is found to have become longer, the concave side 


1 Ueber die Dehnbarkcit wachscnder Sprossc, Arb. des Hot. Inst, in Wurzburg, Bd. I, 1874. 

2 The phenomenon here described was first observed and studied by ITofmeister (Jahrb. Air 
wissensch. Bot. vol. 11 , i860); and a few important corrections of his description were given by 
Brillieux (Ann. des Sci. Nat. s< 5 r. 5, vol. IX). The statements here made, which confirm the previous 
observations in all essential points, while differing from them in a few others, are entirely based on 
my own observations. 
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shorter, precisely in accordance with the phenomena described in paragraphs b and r 1 . 
For the measurements in the following table as thick shoots as possible were used, 
since they give considerable differences in length between the convex and concave 
sides even when the curvature is slight. The measurements were made with strips 


of card graduated in 

millimetres, and which I 

applied closely to the. concave and 

convex sides. 





Name. 

Original 

length. 

Approximate 
radius of 
curvature. 

Lengthening 
of the 

convex side. 

Contraction 
of the 

concave side. 

Silpbium perfoliatum . 

152 mm. 

18 cm. 

3*4 P.c. 

0*0 p.c. 

do. do. . 

120 

— 

i *7 

•6 

Macleya cordata . 

87-5 

7 

2*3 

i *7 

do. do. . 

IO4 

24 

*5 

i *5 

Polygonum Fagopyrum 

63 

8 

2*1 

i*6 

Helianthus tuberosus 

98 

— 

2'0 

1*4 

Valeriana exalt ata 

1 5 ° 

32 

•8 

*7 

do. do. . 

110 

— 

*7 

2*1 

Vitis vinifera 

1 49 

6-10 

1 '3 

2*0 

The permanent curvature which 

remains after violent oscillations 

of a shoot, or 


the Curvature qf Concussion , is the result of a lengthening of the convex an 1 a 
simultaneous shortening of the concave side. A proof is thus afforded that the 
whole phenomenon is dependent on the very imperfect elasticity and the great 
flexibility of the region that is capable of flexion 2 . A shoot bent in this way shows 
the same changes as one that is simply bent between the hands. This result 
would not be at all altered were it found, in harmony with what was said in para- 
graph b y that the concave side was also sometimes slightly lengthened, since it is 
stretched by the recoil of the oscillations; and this elongation is not always entirely 
neutralised. Prillieux has compared this curvature to that of a lead-wire fixed to 
an elastic support, when the support was struck ; he was unable however to see 
the reason why the older and younger parts of the shoot did not exhibit the phe- 
nomenon. In the older parts this depends on their more perfa.c elasticity, in the 
younger on their smaller flexibility, and 011 the circumstance that they are not 
strongly bent, but are only thrown backwards and forwards by the oscillations of 
the lower and more flexible parts. 

The subsequent neutralisation of the curvature by growth must depend first of 
all on the increase of turgidity in the concave and its diminution in the convex 
side, and on the growth being consequently promoted in the former. This may 
be assisted also by the secondary effect of elasticity, in consequence of which the 
stretched epidermis of the convex side shortens, while the compressed tissues of 
the concave side expand. 

Sect. 14. — Causes of the condition of Tension in Plants. The elasticity 
of the organised parts of plants results in tension chiefly from the operation of three 
causes; viz. (1) the turgidity, in other words the hydrostatic pressure of the contents 
of the cell on the cell-wall; (2) the swelling and contraction of the cell-walls when 

1 According to Hofmeister all the sides of the shoot become longer. He calculated the length 
of the curve which he took for an arc of a circle ; and Prillieux measured only the concave side, which 
he found to be always shorter ; the contraction of the whole shoot, *. e. of its neutral axis, cannot 
however be inferred from that of the concave side. The thickening which, according to Hofmeister, 
should take place, if the shoot becomes longer on all sides, I consider cannot be demonstrated, in 
consequence of the extremely small change in diameter which takes place in such cases. 

* Compare the different description given by Hofmeister in his paper On the Bending of the 
Succulent Parts of Hants, in the Berichte der kon. sachs. Ges. der Wiss., 

d E 2 



788 


MECHANICS OF GROWTH . 


they imbibe or lose water ; and (3) the changes in volume and form caused by the 
growth of the cells. 

1. Turgidity . The force by which water is drawn by endosmotic attraction 1 
to the cell from the parts that surround it is not merely sufficient to fill the space 
enclosed by the cell-wall, but also to enlarge it, the increasing amount of sap dis- 
tending the cell-wall until its elasticity is brought into equilibrium with the endos- 
motic absorption. In this condition the cell-wall is stretched to its full capacity, 
or the cell is turgid 1 If the cell loses a portion of its water by transpiration or by 
neighbouring cells withdrawing it, the tension of the cell-wall is decreased and the 
volume of the cell diminished. The hydrostatic pressure produced by the endosmotic 
action of the cell-wall acts from within and is the same at all points within the 
small cell-cavity; but this does not prevent different points of the cell- wall stretch- 
ing and contracting in different degrees as the turgidity increases, in consequence of 
local variations in extensibility. Hence not only may the volume but also the form 
of the cell be changed by turgidity. The greater the tension between the cell- 
wall and /its contents, in other words the greater its turgidity, the greater is the 
resistance offered by the cell to external forces which tend to alter its form by 
pressure, but the more readily docs it burst in consequence. If the cell loses so 
much water that the space enclosed by the flaccid cell-wall is no longer filled, it may 
be come folded inwards by the external pressure of the air or of the surrounding 
water, and in this case the cell is said to collapse ; if the cell-wall is thick, firm, and 
inflexible, a tension of an opposite character to turgidity takes place in the cell. 
Since turgidity is nothing but the mutual tension of the cell-wall and contents, or 
a state of equilibrium between endosmotic absorption and the elasticity of the 
cell- wall, it is evident that only closed cells, i. e. such as have no orifices, can be 
turgid. The micellar interstices through which the water set in motion by endos- 
mose forces its way into the cells are essentially different from pores ; the former are 
so small that their diameter is completely under the control of molecular forces, 
while even the smallest pore withdraws at least the middle portion of its space 
from the influence of the molecular action of the substance that bounds it. Micro- 
scopic openings, like the pores of bordered pits, are orifices of this latter kind, and 
are excessively large compared with the micellar interstices through which endosmose 
acts. Cells with pits penetrating the cell-wall cannot therefore be turgid, because 
any tension however small between cell-wall and contents is at once neutralised by 
the superfluous sap becoming pressed out through the orifices. It is indeed possible 
for water to be forced out in this way even through closed cell-walls, but only when 
the turgidity is very great, and the hydrostatic pressure of the cell -sap on the per- 
fectly tense cell-wall is sufficient to force out the water through the micellar inter- 
stices 2 . The resistance offered by the cell-wall to this may be called resistance to 

1 [It appears probable that the organic acids which arc present in the cell-sap of all cells which 
are or can be turgid are the substances which induce end osmosis (see de Vries, Ueb. die Bedeutung 
der Pflanzcnsauren fur den Turgor der Zellcn, Hot. Zcilg. 1879). hte Vries is of opinion (Bot. 
Zeitg. 1879, Ueb. die inneren Vorgange bei den Wachsthumskrummungcn mehrzelliger Organe) 
that growth in length depends upon the continuous production of actively osmotic substances in the 
cell-sap of the growing cells.] 

9 That the water which filters through under such circumstances actually passes through 
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filtration. It is very different in amount in cells of different kinds, and on it the 
degree of turgidity depends, when the intensity of the endosmotic force of the sap 
and the elasticity of the cell- wall are constant. 

What follows with respect to the turgidity of the individual cell is equally true 
in general of masses of tissue; only that a much greater variety of phenomena 
may arise in this case according to circumstances. If, for example, a number of 
similar layers of tissue are united into a system, a curvature of the system may 
take place when one layer loses water by evaporation and thus becomes shorter, or 
when it absorbs more water than another layer and thus becomes longer. For 
instance, the primary roots of seedlings which have become partially flaccid by 
evaporation and perceptibly shorter, quickly bend upwards concavely if placed with 
one side on water; if placed entirely in water they become straight and longer. 
Curvatures arise in the same manner when layers of different tissues, united with 
one another, are subjected to variations of turgidity. Stems of the Dandelion for 
instance split lengthwise and placed in water roll up in a spiral manner, the outside 
being concave, because the medullary parenchyma absorbs much more water, and 
consequently, from the extensibility of its cell-walls, expands more than the epidermis 
or the cortex, which absorb water more slowly, and whose cell-walls are besides not 
so extensible *. 

As a single cell, with increasing turgidity, opposes greater resistance to forces 
which tend to change its form, so also a mass of tissue becomes more rigid when all 
its cells are more strongly turgid, and vice versa . If, for example, a cylinder of pith is 
cut out from a growing internode, it is flaccid and flexible ; but if it is placed for a 
quarter or half an hour in water, it not only becomes considerably longer, but also 
very rigid and even brittle in consequence of all its cells becoming rapidly filled with 
water. This effect is still more visible when the pith is surrounded by other less 
extensible tissues, as in an uninjured internode. If this internode has become 
flaccid from transpiration, and it is placed in water, the pith very soon begins to 
become turgid and to expand ; but since it is surrounded by other tissues of 
different properties, it must stretch them in order to lengthen itself ; this is only pos- 
sible however until the elasticity of these layers is in equilibrium with the tendency of 
the pith to expand. In this case the elongation of the whole caused by the turgidity 
of the pith is much less than that of the pith alone would be ; but on the other hand 
there is now a violent tension between the pith and the surrounding tissues, in 
consequence of which the whole internode appears very rigid or but slightly flexible. 
The whole internode may be compared to a cell the contents of which are 
represented by the pith, its cell-wall by the surrounding tissues. If the pith loses 
water the whole becomes smaller, the passively stretched tissues contracting elas- 
tically; and since the tension is thus decreased, the whole becomes more flaccid ; 
the reverse when the change is in the opposite direction. 

micellar interstices is clear from the fact that the amount of soluble substances contained in the 
water is altered by the filtration. 

1 [De Vries has shown that the turgidity of cells may be diminished by placing them in 
solutions of neutral salts (KNO„ Na Cl) of 4-6 per cent. ; water is withdrawn from the cells, and 
they consequently become smaller; if they are then placed in distilled water they regain their 
original size (Ueb. d. mechanischen Ursachen der Zellstrcckung, 1877).] 
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2. Imbibition is the term given, as we have already seen, to the capacity 1 2 of 
organised structures to absorb water between their micellae with such force that 
they are thereby driven apart, their cohesion being partially or entirely overcome, and 
the whole thus increasing in volume. Loss of water, on the other hand, as by 
evaporation, causes approximation of the micellae and a corresponding decrease in 
volume of the whole. Both distension and contraction take place with such force as 
to overcome external resistances of considerable magnitude. While in closed and 
thin-walled cells the changes in form and volume are chiefly caused by turgidity, 
in very thick- walled cells on the contrary with a small cavity (as many bast-fibres and 
collenchymatous cells) they are brought about mainly by imbibition and desiccation 
of the cell-wall, and especially when it is to a high degree capable of swelling, in 
other words is in a state to absorb or give off large quantities of water. In cells 
with open pores, where there can be no hydrostatic pressure or turgidity, as in 
wood-cells and vessels with bordered pits, imbibition and the desiccation of the per- 
forated cell-wall are the only means of changing the size and form of the cell. 

If, <as is usually the case with thick cell-walls, the different concentric layers of 
cellulose have different degrees of capacity for imbibition and swelling (see Book I. 
Sect. 4), tensions are caused between these layers by the absorption or loss of water, 
which may even end in the layers becoming detached from one another; as, for 
example, occurs in transverse sections of thick-walled bast-cells and in starch-grains. 
But it is not only the quantity of water absorbed and given off that varies in the 
different layers of a cell-wall, but also the direction in which the water is princi- 
pally absorbed or allowed to escape between the micellae. Tensions are thus 
caused which may lead to the production of torsions and oblique fissures, to the 
rolling or unrolling of spiral bands of the cell-wall, and to a change in the obliquity 
of the spirals \ 

All these changes, which are necessarily associated with the tensions of layers 
that have become convex and concave, take place also in masses of tissue and 
organs the cells of which have lost their contents and consequently their turgidity, 
while their cell-walls have become capable of imbibition, or, as it is generally termed, 
hygroscopic. The layers of cell-walls and the thin-walled masses of tissue which 
in the living state contain most water, contract most strongly after death and from 
desiccation ; with change of form they become concave, or are ruptured by the 
contraction of the intermediate lignified tissue. Without entering at present into a 
detailed consideration of these extremely various phenomena, which, though often 
of extreme importance in the life of the plant, do not influence growth, it need 
only be mentioned that on them depend the bursting of most sporangia, anthers, 
and capsular fruits, the remarkable movements of the awns of various species of 
Avena and Erodium , as well as those of the Rose of Jericho (Anastaiica hiero- 
chuntka) and of the so-called asthygrometer 3 . Of direct importance on the other 
hand, as respects the mechanical laws of growth, are the changes in volume of the 


1 See Niigeli u. Schwcndener, Das Mikrosknp, p. 427 et seq. (1877). 

2 Compare Cramer, in Niigeli u. Cramers Pflanzcn-physiologische Untersuchungen, 1855,] 
p. 28 et beq. ; and Sachs, Experimental-Physiologic, p. 429. 

3 Compare Cramer's statements in Wolff’s ticalise, Die sogenanntc Asthygrometer; Ziirich, 
1867. 



CAUSES OF THE CONDITION OF TENSION IN PLANTS . 79 1 

wood and bark of trees which accompany the variation in the quantity of water 
they contain, and the very powerful tension between them thus caused in woody 
plants, to which I shall again recur in detail. The attention of the student need 
now only be called to one point, viz . that when wood distends on imbibition or 
contracts on desiccation, this is caused entirely by the alteration in form and 
volume of the cell-walls, since turgidity cannot take place in wood as it does in a 
tissue consisting of closed cells. The distension and contraction of wood when it 
absorbs or loses water arc very different in different directions, strongest in the 
tangential, weaker in the radial, weakest of all in the longitudinal direction \ This 
is the cause, for instance, of the longitudinal splits in woody stems when they become 
dry, which close again when water is absorbed ; and the changes of dimension due 
to these phenomena take place with extraordinary force. 

3. Growth itself must cause states of tension in the layers of a cell-wall or of 
the tissue of which an organ is composed, if the layers, although firmly united to 
one another, grow unequally. It is however much more difficult to understand 
the modifications of tension due to growth than those due to turgidity and imbi- 
bition, as the former cannot be altered artificially without a material change being 
caused also in the latter. Since the growth of every organised structure, such as 
a cell-wall, can only proceed so long as it is permeated with water, and since 
moreover the growth of the entire cell requires it to be in a turgid condition, and 
this condition itself has an influence on growth, it is extremely difficult to decide 
how far each of these phenomena is the cause of the other. If by growth we under- 
stand, according to the definition already given, only permanent and irreversible 
changes of organisation, affecting in the first place the micellar structure of the 
organism, it may be assumed, in accordance with the present state of our know- 
ledge, that growth is always preceded by imbibition and turgiditr, and that it is the 

1 The measurements of leaves given below illustrate these relative changes of dimension. (Sec 
Sachs, Expeiimcntal-Physiologie, p. 431.) 



In the direction of 

Jn the dire-c tion of 

In the direction of the 


the axis. 

the radius. 

circumference. 

Maple 

0-0/2 

3-35 

<*■59 

Birch 

0-222 

3.86 

6-59 

Oak 

0*400 

3-90 

7*55 

Kir 

0-076 

2.4L 

6- 18 


The change in volume of wood was investigated by Wtisbnch (/. c. p 432). 


Maple 

Water absorbed by 100 parts 
by weight of dry wood. 

87 paits 

Distension of mo parts by 
volume* of dry wood. 

9.4 

do. 

«7 

7 1 

Birch 

97 

7.0 

do. 

91 

8-8 

Oak 

60 V 

7.2 

do. 

91 

7-8 

Fir 

94 

5-7 

do. 

130 

5* 1 


In comparing the change in volume with the amount of water absorbed, it must be borne in mind 
that the numbers in which the latter is expressed do not give merely the amount of water imbibed 
by the cell-walls, which alone causes the distension, but also that retained in the cavities by capillary 
attraction. It may therefore happen that there appears a smaller increase in volume when a larger 
quantity of water is absorbed. 
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modification of the micellar forces caused by these conditions which render possible 
the intercalation of new solid particles among those already in existence. If, for 
example, a cell-wall is stretched by turgidity, the distance of its micellae increased, 
and possibly a different arrangement of them brought about, this state may be re- 
versed on the cessation of the turgidity, by the elasticity of the cell-wall. But if, 
during the condition of tension, growth takes place by the intercalation of new 
solid micellae, the tension of the cell-wall is altered and in general diminished. If 
now the turgidity ceases as before, a new condition of equilibrium occurs in the cell- 
wall ; a permanent change has been effected by growth, which was rendered possible 
by hydrostatic pressure and imbibition. 

The share taken by growth in the tension of the tissues amounts to this : new 
solid micellae arc intercalated, and the tension due to imbibition and turgidity is 
thereby partially neutralised. This is however only momentary; for after the inter- 
calation of new micellae the turgidity again increases, the degree of imbibition is 
modified, new tensions are again caused, which on their part arc partially neutralised 
by the intercalation of fresh solid micelloe. It is probably near the truth to suppose 
that the limit of the elasticity of the growing cell-walls is constantly nearly reached 
by turgidity and imbibition as well as by the secondary tensions produced by them, 
and that on the other hand the tension is constantly being diminished by the inter- 
calation of new micellae. Growth may therefore be described as a constant over- 
stepping of the limit of elasticity of the growing cell-wall which is constantly 
neutralised by the intercalation of additional solid micellae. 

It will of course be understood that in the brief description now given we do 
not mean to state a theory of growth, but only to indicate in general terms the 
mechanical effect exercised by growth on the tension of tissues, and conversely. 
It would be easy to deduce the explanation in particular cases. If, for example, 
a cell-wall is imagined distended by turgescence or by traction exerted by the sur- 
rounding tissue, the intercalation of solid particles in the layers of cellulose already 
present may take place to a greater or less extent, causing a differentiation in their 
extensibility, elasticity, and power of imbibition, and thus leading to mutual tensions 
of the layers, as may be seen almost invariably in thin transverse sections of the 
cells of plants, and especially in the outer walls of those of the epidermis. But 
these differences in the mode of intercalation in the different layers of the same 
passively distended cell-wall may depend on a variety of circumstances; as, for 
instance, on the degree of proximity of the layers to the protoplasm, on whether 
they are in contact externally with the air, &c. But growth by intercalation may 
also vary according to the nature of the tissue of which the cell forms a part, or the 
chemical properties of the cell -contents, and according as the cells are passively 
distended or compressed by other cells. All these considerations are however merely 
hypothetical, and simply indicate the nature of the relations between growth by 
intercalation and the tensions caused directly by imbibition and turgidity. It may 
in any case be regarded as certain that intercalation is only possible as the result 
of imbibition and turgidity ; but that these properties, as well as extensibility and 
elasticity, must, or at least may be, in their turn modified by it. The volume of the 
growing part increases; and since this takes place in different degrees in different 
layers of the same cell-wall, and in different layers of the tissue of the same organ, 
tensions varying in degree must be produced between these different layers. 

It may not be superfluous to add some explanatory observations relative to what 
we understand by Tension. 
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Corresponding to every tension is an opposite tension. If *• tissue which has a 
tendency to become distended is prevented from doing so by its connection with 
surrounding tissues, both are in a state of tension, the one negative, the other 
positive. The tissues which are passively distended may be said to be in a state of 
negative tension , those which are compressed or hindered in their distension to be in 
a state of positive tension . In a turgid cell, the cell-wall is therefore in a state of 
negative, the contents in a state of positive tension. 

As long as there is no movement or change of form, the two opposing tensions 
must be equal ; /. e . the work which the part in a state of positive tension would perform 
is equal to the work which would be performed by means of its elasticity by the part in 
a state of negative tension if the two were disconnected; or the elastic forces set in 
action mus': perform the same amount of work in two layers with opposite tensions 
and in equilibrium with one another. If, for example, a steel cylinder 1000 mm. long 
is supposed to be placed in an india-rubber tube 500 mm. long and closed below, and 
if the tube is stretched so that it can be fastened above the upper end of the steel 
cylinder, we have a system in a state of tension, the india-rubber negative, the steel 
positive ; and since the system is at rest, the opposing tensions must be equal ; i. e. all 
the particles of the india-rubber tend to contract with the same force as that with 
which those of the steel, which are now compressed, tend to separate from one another. 

This example shows at the same time that the amount or intensity of the tension 
can by no means be measured by the changes in dimension which the layers ex- 
perience at the moment when they are set free from it. Let us, for example, 
suppose, in our system of steel and india-rubber, that the steel cylinder is shortened 
o*i mm. out of 1000 by the india-rubber, while the india-rubber tube must be 
stretched 500 mm. out of 1000 in order to produce an equilibrium. If the tube is 
now opened above, it at once contracts 500 mm. (supposing it to be perfectly elastic), 
while the steel cylinder elongates only o*i mm.; the change of dimension is therefore 
5000 times greater in the case of the india-rubber than in that of the steel, although 
the actual tension of the two was the same. But the alteration of dimension 
indicates only the amount of stretching to which the india-rubber, and of compres- 
sion to which the steel was subjected. If therefore the layers of me tissue of an mter- 
node are separated from one another, the alterations of dimension which then ensue 
depend on the extensibility and compressibility of the layers as well as on the 
amount of tension. There is only one case in which the amount of tension can 
be inferred from the changes in dimension of the tissues when freed from a state of 
tension, viz. when their extensibility and compressibility are the same, and when 
perfect elasticity also exists in both. But the case is quite different with growing 
internodes; the extensibility of the tissues when in a state of tension is constantly 
changing in consequence of growth. In a young internode the epidermis and wood 
are very extensible; if they are separated from the pith this latter only lengthens 
slightly, because it was only slightly compressed, but the epidermis and the wood 
contract very considerably because they are very extensible and were stretched by 
the pith. On the other hand the alterations of dimension in layers of an older though 
not mature internode will be the reverse. The pith, when freed from the tension, 
elongates considerably, but the wood contracts only slightly, because its extensibility 
is now but small and it w^as but slightly stretched by the pith ; the pith on the contrary 
being very compressible, was prevented from lengthening by the resistance of the wood. 
The intensity of the tension cannot by any means be determined in either case from the 
changes of dimension; these only show that there are tensions, and indicate also what 
parts are extensible and compressible, and which are in a state of positive and negative 
tension 1 . It may be laid down as a rule that when the separation of two tissues causes 

1 In his treatise On the Tension of the Tissue of the Stem and its Results (Bot. Zeitg. 1867, 
No. 109) Kraus has employed the differences of length between the entire internode and its isolated 
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one of them to contract or expand, while the length of the other apparently does 
not change, both layers were nevertheless in a state of tension, only the one which 
remained unchanged in length was but slightly extensible or compressible, while the 
other possessed these properties in a higher degree. When, on the other hand, an 
internode consists of very extensible cortex and very compressible pith, both will 
alter very considerably in length when separated; and yet the tension is not neces- 
sarily as great as in another internode where the cortex is less extensible and the 
pith less compressible, and where both undergo smaller alterations of length when 
separated. Similarly in our system of steel and india-rubber, if the steel is supposed 
to be replaced by a cylinder of india-rubber, this cylinder would be very strongly 
compressed by the tube of india-rubber which in its turn would be stretched by 
it; and when the system was broken up a smaller contraction would Vake place of 
the tube but a much greater elongation of the cylinder than in the case of the steel, 
even if the tension put into action had been the same in amount as in the system of 
steel and india-rubber. 

Sect. 15. — Phenomena due to the Tension of Tissues in the growing 
parts of Plants 1 . A. Tension of different layers of a cell-imlL By cutting as large 
pieces as possible out of the walls of living cells and placing them in water, it is 
possible to demonstrate the existence of tensions in them ; it is found that if the 
cell-wall consists of layers of which the outer ones have a less and the inner ones a 
greater capacity of imbibition, the piece of cell-wall will bend so that the outer side 
becomes concave, the inner side convex. If the greater part of the water of imbibition 
is withdrawn from the piece of cell-wall by placing it in a solution of sugar or in 
alcohol or thick glycerine, the bending diminishes or even changes into the oppo- 
site direction, the inner side becoming concave ; this direction being again reversed 
by again placing the object in water. Narrow strips which may be cut at right 
angles to the surface out of pollen-grains of Cucurbita or AWnra or the cells of 
the internodes of Nilella are well adapted for this experiment. 

The concave curvature outwards evidently depends on the inner layers of the 


layers of tissue as a general measure of the intensity of the tension ; hut this, it will he seen from 
what has here been said, is inaccurate. If, for example, the wood and pith of an old internode are 
isolated, the contraction of the former is scarcely perceptible, while the latter elongates considerably; 
the pith of the intemode was therefore, according to this method, in a state of great tension, while 
the wood was not; although the degree of tension of the two was really the same, differing only in 
sign (positive and negative). On p. 1 12 (/. c.), Kraus gives a correct account of the behaviour of the 
layers of tissue of growing intern odes. 

1 The phenomena here described were first observed, although somewhat superficially, by 
Dutrochet (Mem. pour servir a l’hist. des veget. ct ties anim. 1837, vol. II). Hofmeister, in his 
treatise On the Bending of Succulent Tarts of Plants (Berichte der kon. sachs. Gesells. dcr Wissensch. 
1859), made some important corrections of the theory. On the Direction of the Parts of Plants 
caused by Gravitation, see ibid, i860; on the Mechanics of the Movements due to the Stimulation of 
Parts of Plants, Flora, 1862, No 32 et seq. A connected account of the phenomena was given in my 
Experimcntal-Physiologie, p. 465 et seq. Very minute investigations were published by Kraus in 
Bot. Zeitg. 1867, No. 14 et seq., where the transverse tension of wood caused by the increase of its 
diameter was also for the first time described. Nageli and Schwendener also contributed to the 
development of the theory in their ‘ Mikroskop,’ p. 396 et seq. Still these phenomena require a much 
more exhaustive examination than has yet been given them ; the account here given will only serve 
to introduce the student to facts which arc easy of observation. In explaining the processes in the 
interior I differ greatly from the views of Hofmeister (Lehre von der Pfianzcnzelle, p. 272 et seq.). 
The difference in our views is so complete that it would be useless to point out particular points of 
difference. 
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cell-wall absorbing more water in the direction parallel to their surface than the 
outer layers, and thus stretching more and becoming the convex side of the system. 
When water is withdrawn the opposite result must ensue. Let us suppose the cell 
to be closed and entire and not at all or scarcely turgid, i. e. with no hydrostatic 
pressure between cell-wall and cell-contents : the inner face of the cell-wall will then 
be in contact with the cell-sap, and will absorb more water than the outside ; a 
tension will therefore be produced, the inner layers of the cell-wall having a tendency 
to stretch, and being partially prevented from so doing by the outer layers. This 
tension of its layers will impart to the cell-wall a certain stiffness and rigidity which 
is quite unconnected with turgidity. But since in the normal state, and especially 
when they are growing, cells are always turgid, the whole system of tissues will be 
distended independently of this. 

If narrow strips are cut out of large succulent cells, or very thin slices of tissue 
are made so as not to contain any perfect cells, a concave outward curvature is 
obtained at the moment of making the section. This is at once explained by recol- 
lecting that the outer layer, especially when cuticulariscd, was in a state of passive 
tension before the section was made; while the inner layer, which w T as in an 
absorbent condition, was swelled up from contact with the cell-sap. At the moment 
of division this inner layer retains its water of imbibition ; but the outer layer, which 
was in a state of greater tension, obeys its elasticity, and in consequence of its 
contraction becomes the concave, the inner the convex surface of the section. It 
is clear however that these phenomena must also occur when water is removed or 
absorbed. It is only in this way that it seems to me possible for the cell-walls to 
take any part in the tension of the tissues, a part which however must always be 
subordinate in the closed living cell to the influence of turgidity, since this stretches 
both the inner and outer layers, and every change in the degree of turgidity must 
cause contraction or distension of the entire cell- wall. 

It is a question not without importance in what relation the imbibition and 
swelling of the cell-wall stand to the turgidity of the whole cell. If we imagine a 
single turgid cell, and suppose that from any cause the cell-wall (whether the layers 
are in a state of tension or not) is able to absorb more water from its contents 
than it had before, the question arises whether the turgidity is thus increased or 
diminished. By the increased amount of water absorbed from the contents by the 
cell-wall, they must be diminished, as also must the hydrostatic pressure on the 
cell-wall, and the more so when the size of the cell is increased by the imbibition. 
But since the cell-wall may also increase in thickness, the pressure on the contents 
may be supposed to increase from this cause. If however we take the simplest and 
least favourable case, viz . that the size of the cell remains unaltered but the thickness 
of the wall increases, and therefore that it distends inwardly, this will nevertheless 
not cause any increased pressure between cell-wall and contents, because the water 
which was the sole cause of the thickening of the cell-wall and diminution of the 
cell-cavity was withdrawn from the cavity. The swelling of the cell-wall can at the 
most diminish the size of the cell-cavity 1 by the volume occupied by the water with- 

1 When an amount of water v penetrates into an organised body, and increases its volume, the 
increase of volume can never be greater than v, but at the most as large. The evolution of heat 
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drawn from it. No increase of turgidity can therefore take place in this case, and 
still less when the cell also increases in size. The same argument of course applies 
also to a multicellular mass of tissue. But the case is different when the water with- 
drawn from the cell-contents by the cell- wall is replaced by means of endosmose, 
and the turgidity thus again increased ; in this case in proportion as water is absorbed 
by the celbwall the turgidity and volume of the whole cell must also increase. 

B. Mutual Tension of the layers of tissue of an organ, (1) Tension in the direction 
of length; i.e , parallel to the axis of growth of the organ. In the internodes of 
upright stems some idea may be obtained, if not of the intensity of the tension, at 
least of its kind (whether negative or positive), and of its variation in the different 
layers of tissue, by measuring the length of the internodes, and then separating the 
layers of tissue by a sharp knife, and comparing their length with that of the entire 
internode. It is obvious that the length of the entire internodc is the result of 
the mutual tensions of its layers, some being, in this experiment, shorter and some 
longer than the entire internode; and it results from what has already been said 
about 'opposite tensions that if any particular layers have not changed in length 
after being separated, this does not prove that they were not dbtended or com- 
pressed when forming a part of the system, but only that they opposed a strong 
resistance to the tension then in existence, which resistance rendered the alteration 
of their length imperceptibly small. But the opposite is also possible ; viz, that a 
layer of tissue when separated will show no perceptible contraction because it was so 
extremely extensible and inelastic that it yielded with extremely little resistance to 
the traction of the layers which were in a state of positive tension, the limit of its 
elasticity being continually overstepped. 

If this method is applied to rapidly growing internodes, it is generally found 
that isolated strips of the epidermis, of the cortex, or of the wood (xylem), are shorter 
than the entire internode, while the isolated pith is considerably longer ; the former 
therefore were in a state of negative, the latter was in one of positive tension. 
All the isolated layers are flaccid, while the entire internodc was rigid from the 
mutual tension. 

If a median longitudinal lamella bounded by two strips of epidermis is cut out 
of a growing internode with its xylem still unlignified, and if its tissues are then 
isolated so as to lie side by side, then, indicating the epidermis by E> the cortical 
layer by C, the xylem by A", the pith by the respective lengths after isolation may 
be stated as follows : — 

E<C<X<P>X>C>E. 

It is at once evident from this that every layer was before the separation in a state 
of negative tension towards the next one inside, of positive tension towards the 
next one outside. The epidermis alone was in a state of passive tension ; the pith 
alone was passively compressed, or rather prevented from extending. 

The extensibility and elasticity of tissues are altered during the growth of an 
internode, as may be seen by comparing internodes of various ages ; the exten- 
sibility of the wood decreases rapidly, that of the epidermis and cortex more slowly, 


during imbibition indicates that a decrease of volume is taking place, and therefore that although v 
is the amount of water absoibed by imbibition, the increase of volume is only v — d. 
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as may be inferred from the decreasing rapidity with which these tissues contract on 
their isolation, and from the thickening of the cell* walls 1 . The pith from internodes 
of different ages shows on isolation at first an increasing, afterwards a decreasing 
amount of elongation. If the tendency of the pith to expand remained the same 
at all ages, it would, when isolated, elongate more in older than in younger inter- 
nodes, in consequence of the increasing resistance of the tissues which are in a 
state of passive tension ; but when the growth in length has ceased, or soon after, 
the pith loses its tendency to expand, as may be concluded from the fact that on 
isolation from such internodes it elongates less, and finally not at all 2 , although the 
resistance of the wood has greatly increased ; were the pith now as elastic as before, 
it would expand more rapidly when freed from the very great resistance of the 
wood. 

The following table will now be understood ; the length of the entire internode 
being always placed at ioo, and the amount of contraction indicated by negative, of 
expansion by positive percentages. 


Number of the intemode, Change of length of the isolated tissue 
counting from the youngest. in percentage of the entire internode. 




Cortex 

Xylem. 

Pith. 

Nicoliana Tabacuni 

> 
t— * 

1 

~“ 5*9 

-i *5 

+ 2*9 


V— VII 

- 3 * 1 

— ii 

+ 3*5 


VIII— IX 

“ 3*5 

— r 5 

*f 09 


X— XI 

“ 0*5 

-°*5 

+ 2*4 

do. 

I— II 

— 2‘2 


+ 2*3 


III— IV 

— 1*2 


+ 4*2 


V— VII 

~ro 


A- 2*8 


VIII— IX 

-*i-8 


+ 27 

Sambucus nigra 

I 

2 ‘6 

— 2*6 

+ 4 *o 


11 

— 2*0 

— 2*8 

+ 5*5 


III 

-i *5 

-O'O 

+ I *5 

do. 

I 

— o*6 


+ 3*7 


II 

— i*6 


+ 5 * 1 


III 

— 0*0 


+ 0*9 

do. 

I 

“ 1*3 


+ 6*5 


II 



+ 10*1 


III 

— 0*6 


+ 2-3 


These numbers, taken from my Handbook of Experimental Physiology, may 
be supplemented by some others, calculated from the statements of Kraus 3 (/. c . 
Table i). 

1 The decrease in the extensibility of the epidermis was determined by Kraus (/. e., tables, 
p. 9), by attaching weights to strips of epidermis. 

a The relation between the tension of tissues and the state of growth of the internode (*. e. 
the phase of its greatest period of growth) requires fresh and detailed investigation. Kraus’s 
Table III (Bot. Zeitg. 1867) shows that the greatest difference of length between cortex and pith 
does not always occur at the time of the greatest growth ; and that even after growth has ceased, 
tensions may still continue. It must however be remarked that the method by which these num- 
bers have been obtained is liable to considerable suspicion. 

5 Kraus has only given the absolute numbers ; but a correct notion can be obtained only by 
comparing them with the length of the intemode. 
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Nicotiana Tabacum 


Vitis r infer a 


Sambucus nigra 


HcUanthus tuberosus 


Number of the inter- _ „ . . , 

node, countine from the Chan S e of lcn 8 th of thc '* ohleA tlssue 

youngest. 

m percentage of the entire mtemodc. 


EpidenuU, 

Cortex. Xylem. 

Pith. 

:um III— IV 

-2*9 

~i '4 

+ 35 

V— VI 

-2*9 

— i 3 —o-8 

+ 27 

VII— IX 

-2*7 

— 2*1 —0*0 

+ 34 

X— XII 

-i '4 

-0*5 -0-0 

+ 3*4 

XIII -XV 

*05 

1 

o 

0 

1 

o 

ob 

+ 4 ‘o 

I 


— 3 *i —i *6 

+ 6 *o 

11 


— i *7 -o*o 

+ 8*7 

III 


-2'5( ? ) -»•©(?) 

+ 7*i 

IV 


— 00 —0*0 

+ 6 *o 

V 


— 0*0 —0*0 

+ 27 

I 


31 —o*o 

+ 0*0 

11 


~i*5 -io 

+ 6*4 

III 


— r 6 

+ 6*5 

IV 


— i *6 -f o *3 (?) 

+ 6 -i 

V 


— 0*2 +0*2 (?) 

+ o*7 

VI 


_o *5 -o *5 

+ 0*1 

osus I — IV 

-4’3 

-n 

+ 6*8 

V— VI 

~ r 7 

— 0*0 

+ 6*6 

VI— VII 

-o - 9 

-c *4 

+ 4‘4 

VIII 


— 0*0 

+ 3*2 

IX— XI 

— 0*0 

+ °*9 (?) 

+ 2*0 


It is easy to establish the existence of similar contractions of the outer tissues 
and elongations of the parenchyma in the case of growing leaf-stalks, as those of 
Bela, Rheum , Philodendron , &c. 

If a growing internode or a leaf-stalk is split by two longitudinal sections at 
right angles to one another, the parts will bend concavely outwards, evidently in 
consequence of the lengthening of the pith and contraction of the outer tissue. This 
phenomenon is seen most clearly if a thin, longitudinal slice is taken from the middle 
of the internode, laid flat, and the pith then halved lengthwise ; as the knife advances 
the two halves will bend concavely outwards. If, instead of cutting the section in 
two, thin strips of tissue are cut proceeding from without inwards, first one including 
the epidermis, next one including the cortical tissue, and finally one including the 
wood, they will all bend concavely outwards, because the adjacent layers are all in a 
state of negative tension on the outside, of positive tension on the inside, and when 
separated, the outer side always becomes shorter, the inner side longer. 

That this bending is caused by simultaneous contraction of the outside and 
lengthening of the inside is at once clear from the measurements already given, but 
may also be observed directly, as will be seen from the following table. Longi- 
tudinal slices of considerable thickness were cut from the middle of growing inter- 
nodes, laid flat, and the pith then halved by a longitudinal cut; the radius of the 
curvature which each half at once assumed was determined, and the length of the 
convex inner and the concave outer side measured by means of a strip of card 
graduated in millimetres. 
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Length of 

Radius of 

Shorten- 
ing of the 

Lengthen- 
ing of the 

Semidiameler 

the entire 

curvature of 

concave 

convex 

of the 

internode. 

the segment. 

outer (epider- 

inner (pith) 

intemode. 



mis) side. 

side. 


Silphium pcrfolialum. 

Left half 69*5 mm. 

4 cm. 

2'8 p.c. 

9*3 P-c. 

3 mm. 

Right half 69*5 

4 

2*4 

9*3 

3 

Silphium pcrfolialum . 

Left half 190 

3 — 4 

2-8 

9*5 

3*5 

Right half 190 

3—4 

2*6 

108 

4*5 

Maclcya core ala. 

Hollow i 34'5 

5—6 

074 

7 *i 

3*3 


As we have already seen from the measurements of the layers when entirely 
isolated, it was also evident from the curvature of the two halves of the longitudinal 
slice that the contraction of the epidermis is less than the elongation of the pith. 
Since a slice is somewhat longer than the entire internode, if the length of the 
slice were taken as = 100, the proportionate contraction of the outside would be 
greater, the lengthening of the inside less. 

A rapid rate of growth, united with a certain amount of physical differentiation 
of the different layers of tissue, such as occurs in erect leafy shoots, stout leaf-stalks> 
and tendrils, appears generally to be favourable to the production of the tensions in 
tissues of which we have been speaking, as they are not found in stems of very 
slow growth, like stout rhizomes, the thick stolons of Yucca and Dracccna , &c. 
That the existence of tension has more to do with a physical differentiation in the 
elasticity and extensibility of the layers than with a morphological one, is shown by 
the fact that very considerable tensions are found even between the outer and inner 
layers of the hyphal tissue of the stipes of the larger Hymenomycelous Fungi, which 
are morphologically similar. Within the growing apical region of roots, on the con- 
trary, where we have a combination of two layers of tissue sharply differentiated 
morphologically, viz. an axial fibro-vascular cylinder surrounded by a parenchymatous 
cortex, we do not find any considerable tension when the part is split by two longi- 
tudinal cuts at right angles to one another, or when the layers are completely isolated. 
But since it is e?sy to prove that the cortex of the root grows more rapidly and for 
a longer time than the axial cylinder J , it may be assumed that in an uninjured grow- 
ing root there is nevertheless a small tension between them, positive in the case 
of the cortex, negative in that of the axial bundle ; but it is only rarely that this 
tension becomes strong enough to be perceptible by the parts bending inwards when 
cut lengthwise; probably because the axial cylinder, which still consists of pro- 
cambial tissue, is so extensible that it yields almost without resistance to the traction 
of the cortex. The case is different in the older parts of the root behind the 
growing end (which does not exceed 10 mm. in length). If this portion is split, the 
parts generally gape concavely outwards, although much less so than the growing 
part of erect stems. The curvature is however considerable in the aCfrial roots 

1 The halves of roots split lengthwise continue to grow for clays, and bend concavely on the cut 
surface. 



8C0 MECHANICS OF GROWTH. 

of Aroideoe, where the opposite curvature which takes place at the apex is also 
sometimes well-marked. 

The description now given of the states of tension in the case of stems is 
also applicable to all expanded internodes and leaf-stalks. Within the bud itself, and 
especially at the punctum vcgctatiimis, there appears to be no tension of the tissues, or 
only one as slight as in the apices of roots. It is only when the epidermis is be- 
coming cuticularised and the walls of the bast-cells are beginning to thicken that 
the tensions become perceptible. 

The individual parts of fully mature organs, especially leaves, not unfrequently 
retain the tensions acquired during growth, which are in such cases often particu- 
larly strong. This is the case, for instance, in the contractile organs of the sensitive 
and periodically motile leaves of Papilionaceae, Mimosese, Oxalidese, &c., to which we 
shall recur. While in these cases the true leaf-stalks and the internodes from which 
they spring have long become rigid, and no longer show any considerable tension of 
the tissues, an extraordinary elongation of the parenchymatous cortex occurs in 
the contractile organs, ir they are separated from the solid axial fibro-vascular 
bundles ; and considerable flexion results when these organs are split lengthwise. 
The opposite to this occurs in the nodes of the stems of Grasses, i e . in the annular 
thickenings at the base of the leaf-sheaths ; no perceptible tension is observable in 
these. If a median longitudinal section is made and divided into its inner and 
outer layers, they exhibit none of the curvatures which are so striking in portions of 
young internodes. This flaccidity of the tissue, or at least the insignificance of the 
tension, must depend on the concurrence of two causes ; on the one hand on the 
cessation of the growth of the parenchyma in the node (although it remains in a 
state capable of growing, and under certain circumstances begins to grow again), 
and on the other hand on the extensibility of the fibro-vascular bundles which do 
not become lignified within the node, or not till a late period when the cells of the 
same bundles, where they lie in the leaf-sheath and the internode, have long become 
lignified and rigid. While, therefore, the parenchyma of the node continues to 
grow, it stretches the unresisting fibro-vascular bundles, and when its growth ceases 
no perceptible tension remains. In the contractile organs of sensitive and periodi- 
cally motile leaves, on the contrary, the axial fibro-vascular bundle becomes elastic 
and resistant before the growth of the surrounding parenchyma has ceased ; and 
when this is the case a tension remains which is further increased by the extra- 
ordinary capacity of the parenchyma for becoming turgid. 

If we now attempt to give an account of the causes which render the tension 
at first (when in the bud) imperceptible in the internodes of erect rapidly-growing 
stems, and make it subsequently increase and finally altogether disappear when the 
internodes are fully mature, we find that w r e must content ourselves with probable 
conjectures rather than with fully demonstrated propositions. 

The origin of tension between the layers must in any case be referred mainly 
to differences in the growth of the cell-walls of such a nature that the intercalation of 
fresh material takes place less rapidly in those of one layer than in those of another; 
and it is especially manifest in those cases in which the cell-walls subsequently undergo 
thickening. From the first of these causes the layers which lengthen more slowly are 
placed in a state of passive tension by those that grow more rapidly; while the second 
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cause diminishes their extensibility to an increasing extent, especially when, as in 
the xylem of the fibro-vascular bundles, the cell-walls become lignified, which renders 
them capable of resisting extension. The more quickly, on the other hand, the thin 
cell-walls in the pith and parenchyma generally increase in size (especially in length) 
by superficial growth, the stronger becomes the tension of the passively stretched 
layers of tissue. To this must be added the peculiar power of the medullary 
cells to absorb water from the older parts with great force and rapidity, and thus 
to maintain themselves in a state of the highest turgidity. This distends the pith 
independently of the superficial growth of its cell-walls, and besides influencing the 
more slowly growing layers of tissue, also contributes to increase the superficial 
growth of the cell-walls of the pith. If the woody bundles then become lignified as 
the tissues become more developed internally, and the resistance of the epidermis, 
which is constantly becoming more cuticularised, becomes too great, these tissues 
oppose an insuperable resistance to the further distension of the pith by growth and 
turgidity, and no further elongation of the internode is possible. The tendency of 
the pith to expand ceases; its cells lose their turgidity, they give off their water 
to adjacent tissues, and become filled with air. 

According to this view, which has been fully established in the main, the actual 
motive power of growth in internodes emerging from the bud-condition is the pith, 
and the thin-walled parenchyma generally. It is only the force thus exercised that 
causes the other tissues to increase in length as long as they are sufficiently 
extensible. The extraordinary absorbent power possessed by the pith enables it 
when growing to withdraw the water from the surrounding layers of tissue, and 
thus prevents the cells from becoming more strongly turgid, neutralising by this 
means one of the causes of the superficial growth of the cell-walls. It must also 
be remembered, as has already been shown (Fig. 478), that the turgidity of the 
cells of the stretched layers is even diminished, while that of the compressed cells 
(in the pith) is increased by the tension ; and we consequently have here another 
cause of differences in the superficial growth of the cell-walls. Finally, it must 
be borne in mind that the internodes, at least of land-plants, are exposed to 
transpiration as soon as they emerge from the bud ; but this cause of diminished 
turgidity will affect chiefly the epidermal cells and the subjacent layers, least of 
all the pith. 

The great importance which is here attached to turgidity as a cause of growth 
is justified by the fact that the growth of the internodes is at once stopped by its 
decrease, i.e. by the withering of the shoot; while it is promoted by its increase, 
i. e. the growth of the shoot in water or damp air. 

The first and most efficient cause of the tension of tissues in a growing inter- 
node is therefore the different capacity for turgidity of the different tissues ; this 
depending partly on the nature of their fluids, partly on the structure of their cell- 
walls, and partly on their relative position in the internode. A more secondary place 
must be assigned to the swelling of the cell-walls caused by imbibition ; since it may 
be assumed that even when the turgidity of the ceil is slight, the cell-wall still obtains 
sufficient water to satisfy its capacity for imbibition. If it were directly dependent on 
this, all the layers of tissue would grow equally rapidly, even when the turgidity was 
small, or had entirely disappeared. I rather hold the state of the case to be that 
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when the cell-wall is passively distended by lurgidity or by the tension of the sur- 
rounding layers of tissue, it is only enabled to deposit fresh substance in the direc- 
tion of its surface when perfectly saturated ; this does not however imply that other 
causes do not cooperate in promoting the intercalation. 

The importance of lurgidity as a cause of growth may be very strikingly illus- 
trated in the case of isolated cylinders of pith, as we shall show presently. 

When, in consequence of their separation, the tissues which were in a state 
of passive tension become suddenly shorter, and the pith which was in a state of 
positive tension suddenly longer, this process must be connected with a corresponding 
change in the form of the cells 1 ; the cells which contract must at the same time 
become wider in diameter, while those of the pith which lengthen must on the con- 
trary become narrower. It is impossible however to measure directly these changes 
of diameter, which are so small that ordinary methods are inapplicable. 

It is, however, a necessary consequence of what has been said that the passive 
lengthening of the epidermal cells, &c. in a growing internode makes them narrower; 
the \ otyig epidermis must therefore be too narrow, besides being too short for the 
inner masses of tissue. Similarly the pith, being prevented from elongating in the 
growing internode by the surrounding layers, must in consequence have a tendency 
to enlarge transversely; besides being too long for the elongated tissues, it will 
also be loo thick for them, and must have a tendency to force them apart. It 
follows therefore from the longitudinal tension which has been observed in the 
layers of tissue of a growing organ, that a transverse tension must also exist in it 
of such a nature that the outer layers are in a state of passive tension, while the 
medullary cells which are prevented from lengthening have a tendency to dilate 
transversely. 

If thick transverse sections 2 from growing stems are cut radially, they gape 
open, evidently because the epidermis contracts in the peripheral direction, having 
been previously of too small circumference fur the inner tissue, in other words, in 
.a state of passive tension. The tendency of the medullary cells which are pre- 
vented from lengthening to become broader transversely does not appear, on the 
other hand, to be always hindered by the surrounding wood anil cortical tissue, but 
often to be even promoted by them ; so that these layers of tissue which surround 
the pith grow more rapidly in the peripheral direction than does the pith itself, and 
therefore exercise a radial traction upon it. A striking proof of this phenomenon is 
afforded by the frequent formation of cavities in stems and leaf-stalks at the time 
and place where the growth in length is most rapid. The increase in thickness of 
the pith is not sufficient to fill up the space which is enclosed by the surrounding 
tissues, and which increases in size; its cells separate in the longitudinal direction, 
and the woody cylinder remains clothed on the inside by a layer of pith, the longi- 
tudinal tension of which still continues. The existence of an outward traction upon 

1 Any considerable change in the volume of the medullary cells when isolated must not indeed 
be expected, when it is recollected that neither the water contained in the cells nor the cell-walls 
permeated with water alter their volume under the foiccs exerted in this case. An alteration m the 
volume of the entire pith could at most arise from a change in the size of the intercellular spaces in 
consequence of the change in form of the cells. 

* Sachs, Experirncntal*Ph)siologie, p. 47 1. 
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the pith can also be demonstrated in the case of internodes with solid cylinders of 
pith which are growing and at the same time increasing rapidly in diameter (<\g. 
Nicoiiana , Silphium pcr/oliatum ), by dividing a fresh transverse section (laid on 
glass) through the centre. The two cut surfaces of the pith now become curved 
outwardly and separate from one another, while the cortical parts of the segment 
still touch. This is' an indication of the outward traction of the pith, and of the 
tendency of the cortical envelope to dilate peripherally. 

These statements rest however at present on but a small number of observa- 
tions, and better results may be expected from their repetition. It may nevertheless 
be assumed that in young internodes, before the fibro-vascular system has begun to 
become lignified, the pith exerts an outward pressure. This is accompanied later, 
when the tangential growth of the wood and cortex is more rapid, by an outward 
traction, which at length becomes so strong as to exceed the tendency of the pith 
to dilate transversely. The pith is therefore now actually in a state of passive 
tension transversely (and at the same time compressed longitudinally), until at length 
the cells in the centre of the pith become detached from one another, and a hollow 
is formed, if the whole does not lose its sap and become dried up, as for example 
in the Elder. Kraus observed 1 that the medullary cells of an internode are longer 
when it is growing than when mature; but this is to be attributed, in accordance 
with what has been said, to the loss by the cells of the pith of their power of 
elongating when isolated. In the internode they are certainly not at first longer, 
and are afterwards actually shorter ; the difference is only observable on isolation, 
and indicates that these cells at length lose the property of changing their form when 
isolated, or in other words become rigid. 

The views here brought forward respecting the tension of the tissues of growing 
internodes and leaf-stalks are, 1 think, supported by the fact that the sudden and 
very considerable lengthening of the pith at the moment of its separation from the 
surrounding layers of tissue is followed by a slow lengthening which lasts for some 
days, while, on the contrary, the cortex and epidermis, which are in a state of passive 
tension, scarcely experience afterwards any perceptible contraction (but, according to 
Kraus, do not become longer even when placed in water). This subsequent length- 
ening of the isolated pith takes place with extreme force when it absorbs water, 
as Kraus has already shown ; but the lengthening also continues in dry air when 
the pith even loses small quantities of its water, a point which had been previously 
overlooked. 

The isolated cylinder of pith of a growing internode is very flaccid, flexible, and 
extensible; but if placed in water it soon becomes tense, rigid, and elastic, longer 
and apparently also thicker. The lengthening may amount in a few hours to as 
much as 40 p. c., or even more. These phenomena are explained if we suppose 
the contents of the medullary cells to be very strongly endosmolic 2 , by which they 
become in a high degree turgid, and thus not only increase considerably in size, 

1 Bot. Zeitg. 1867, .p. 1 1 2. 

» Notwithstanding this poweiful endosmose, the amount of solid substance dissolved in the 
cell-sap of the parenchyma is very small, as is shown by the fact that in cylinders of pith of this 
kind I found the dry weight only fiom 2 to 5 p. c., a considerable portion of which belonged to the 
cell- walls and pioloplasm. 
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but also become more rigid. The considerable increase in size presupposes, how- 
ever, from the rapidity with which it takes place, great extensibility in the cell- 
walls. Isolated prisms of pith exposed to the air become shorter even than the 
length they possessed in the internode 1 ; the cell-walls which were previously in 
a state of tension evidently contract elastically, as the turgidity diminishes from loss 
of water. 

But if care is taken that isolated cylinders of pith do not absorb any water, 
while at the same time they can only lose a very small quantity of it, by enclosing 
them in a glass tube containing about 1 litre of dry air, they nevertheless continue to 
lengthen perceptibly for some days, although not so considerably as when they 
absorb water; and this lengthening affects chiefly the older parts, while the 
youngest parts sometimes contract. The whole cylinder becomes dry and rigid 
on the surface. Out of a large number of observations the following may be chosen 
to elucidate this point. 

A prism of pith from a part of a shoot of Seticcio umbra sus 235*5 mm. long, 
lengthened about 5*7 p. c. on isolation, and weighed 5*3 grammes. It was divided 
into three parts by marks of indian ink; their lengths being : — i. (the oldest) 100 mm., 

ii. 100 mm., iii. (the youngest piece) 49 mm. The prism of pith was now fixed in 
a dry glass tube, which was then corked at both ends. After fourteen hours the 
parts had lengthened as follows: — part i. about 4*5 mm., part ii. about 6*5111111., part 

iii. about 2 min. or 4*1 p. c., while the pith had lost o*i5grm. of water. After re- 
maining for twenty-six hours more in the glass tube the following further changes 
had taken place; part i. had again lengthened about 2*5 mm., part ii. about 0 5 mm., 
while the length of part iii. had diminished about 0*5 mm. No further loss of 
water had taken place, because the glass tube had become covered with moisture. 
The pith was now placed in water, and after six hours the following increase of 
length had taken place: — in part i. about 18mm. or 16*8 p. c., in part ii. about 
23 mm. or 2i*6p. c., in part iii. about 1 1 mm. or 21*6 p.c. (as compared with the 
length before placing in water). The pith had also become considerably thicker, 
having absorbed 6 grammes of water. 7'hc estimation of the dry weight showed that 
the pith contained only 0*22 grm. of solid substance; this was combined, when the 
pith was isolated, with 5*08 grm. of water; it subsequently lost 0*15 grm., but by the 
end of the experiment had again absorbed 6 grm. At first therefore the pith con- 
tained 4*23 p.c., at last only 1*97 p.c. of solid substance. Experiments of this 
kind show that the pith of the youngest internodes loses its water most easily by 
evaporation, as is shown by its decrease in length. Kraus was led by other ex- 
periments to the same conclusions; and he also showed — not in contradiction, as 
he thought, but in harmony with these results (/. c. p. 123) — that the older pith of 
growing internodes attracts water more powerfully and expands more than the 
younger. 

If the question is now asked how the lengthening of the pith can take place in 
spite of the loss of water (though this may be small), it must first of all be noted that 
its surface becomes remarkably dry under the circumstances described. It is scarcely 
possible to attribute this significant desiccation of the surface to the small loss of 


1 Kraus , /. c., Tables , p . 29 . 
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water indicated by the weight ; it is probably rather caused by the inner cells of the 
pith withdrawing water from the outer cells, and thus lengthening; but the outer 
cells would become shorter if they were not stretched by the inner ones. That this 
is actually the case is shown by the rigidity of the pith under these circumstances, 
caused by the tension that subsists between the dry outer layer and the moister 
inner mass. If the prism of pith is divided lengthwise, the parts curve outwards ; 
and sometimes the outer surface becomes even strongly concave. If the inner cells 
of the pith are able to withdraw water from the outer ones, it may be inferred that 
the outer cells are also able to withdraw it from the surrounding wood and especially 
from the peripheral tissues, preventing these from becoming strongly turgid ; their 
growth being thus retarded in favour of that of the pith, by which they are now 
placed in a state of passive tension. It is noteworthy that the medullary cells which 
contain a minimum quantity of dissolved substances nevertheless absorb water suffi- 
ciently powerfully to abstract it from the surrounding tissues which must evidently 
contain a much greater quantity of dissolved substances. 

It is now clear from the observations which have been described, why portions 
of shoots cut lengthwise in half or in four and placed in water curve outward to 
such a remarkable extent ; and why a curvature, which may be small but continues 
to increase for some time, takes place when such pieces arc placed in a closed glass 
tube in dry air. 

( 2) Transverse tension caused by subsequent growth in thickness of the wood \ It 
has already been shown that transverse tensions also arise during growth which are 
caused by the longitudinal tension; a more exact knowledge of these is still a 
desideratum. With the commencement of the increase in thickness of the stem by 
means of the cambium-ring, a new cause of tension arises, acting in both a radial 
and peripheral direction ; and this transverse tension generally continues as long as 
the cambium-ring remains active. The layers of tissue formed from the cambium- 
ring have at first a tendency to expand in the tangential direction to an extent 
greater than the space enclosed by the epidermis and the primary cortex permits. 
These outer tissues therefore become stretched in the peripheral direction; and, 
since they are elastic and have a tendency to contract, they exert a pressure in the 
radial direction on the cambium and the tissue formed from it. It happens however 
also that the rings of wood produced on the inside of the cambium grow more 
strongly in the tangential direction than the phloem produced on the outside, which 
is therefore passively stretched. A tension is hence set up in the transverse diameter 
of the stem during its increase in thickness of such a kind that each layer is stretched 
peripherally on its outside and compressed radially on its inside ; in other words, is 
in a state of negative tension on its outside, of positive tension on its inside. If the 
separate layers of a transverse segment — epidermis, primary cortex, phloem, and 
xylem — are separated, and their peripheral length compared, we get the following 
expression for the transverse tension : — 

E < C < Ph < X. 

As the increase in thickness proceeds the transverse tension increases, as is shown 


1 [See Detlefsen, Ueb. Dickcnwachsthum cylindrischer Organe, Arb. d. bot. Inst, in Wur/burg, 
II. 1, 1878.] 
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by Kraus’s very complete experiments; i.e. if the rings of tissue in a transverse 
section of the stem or in a woody branch are separated from one another, by 

dividing it longitudinally and then separating the rings, they contract the more the 

nearer they lie to the circumference, and the contraction is the more considerable, 
compared with the original circumference of the whole, the older the internodc from 
which the section is taken. The traction upon the cells of the epidermis and of the 
primary cortex caused by the transverse tension is easily observed by the microscope 
in the transverse section, if young internodcs of plants which increase rapidly in 
thickness, as Helianthus , Ricinns , or Riles , are compared with those which have 
already been forming wood for some weeks or months. The form of the cells 
shows that they have been stretched in the peripheral direction (see Fig. 56), and 
have in consequence grown rapidly in that direction ; the cells which have been 
thus altered in form are divided by radial septa. Hut at length the epidermis and 

primary cortex arc no longer able to obey the peripheral traction ; longitudinal 

fissures occur in the cortical tissue, generally after the commencement of the forma- 
tion of cpik. When the periderm and cork have been formed on the older parts of 
stems, these secondary epidermal tissues undergo a continuous strain in the peri- 
pheral direction, and exert in turn a radial pressure on the living phloem, cambium, 
and xylem. T he first result of this pressure exerted by the growing inner tissues 
is the splitting of the layers of bark, especially longitudinally. The form of the 
fissures depends, however, on the course of the bundles of bast which take part 
in the formation of the bark, and on other relations of the tissues to one another. 
If a stern does not in its growth take the form of a cylinder or slender cone but 
of a spherical tuber, as in Bcaucarma and Tesiudinaria , the layers of periderm split 
apart in the form of tolerably regular polygons which cover the spherical surface 
of the stem like shields. These examples show at the same time that in those 
Monocotyledons also which grow in thickness tensions are produced by the sub- 
sequent increase of the stem in thickness similar to those caused by the activity 
of a true cambium-ring; for in this case it is replaced by a thickening-ring, in which 
new layers of fibro- vascular bundles and intermediate parenchyma are constantly 
being produced. (See Fig. 104.) 

It is evident that before the bark splits or fissures already in existence become 
wider and penetrate inwards, the transverse tension must attain a certain intensity, 
which, from the great firmness of the bark, cannot be inconsiderable. At the 
moment when the splitting takes place at least a portion of the tension must, how- 
ever, be destroyed. This is clearly the reason why the transverse tension attains 
its maximum (measured in the way described above), as Kraus has pointed out, 
above the part of the stem where the scaling-off of the bark begins. But even in 
annual stems which increase rapidly in thickness, as Helianthus , Dahlia , &c., the 
transverse tension does not progressively increase from the apex to the root, hut 
attains its maximum at an intermediate height, below which it diminishes. An 
explanation of this phenomenon is afforded by the fact that the limit of the elas- 
ticity of the bark is gradually exceeded by the long-continued pressure to which 
it is f ubjcct from within, and that the cell-walls which are strained grow at the same 
time by intussusception, and thus a portion of their tension becomes neutralised. 

While we may consider the turgidily of the pith and its enormous cndosmotic 
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power as the principal cause of the longitudinal tension of growing internodcs and 
leaf-stalks before they become lignified, it is on the other hand probable that the 
imbibition and swelling of the cell-walls are the chief cause 6f the transverse tension. 
The wood, where the transverse tension chiefly originates, is, when mature, scarcely 
adapted for any distension by turgidity ; while at all events in cells or vessels with 
bordered pits it is altogether impossible. Closed wood-cells, when turgidity is 
possible in them, cannot however expand greatly; since their own wall and the 
woody substance which surround them are far too incxtensible to stretch to any 
considerable extent under the influence of hydrostatic pressure. It has, on the other 
hand, been already shown (Sect. 13) what considerable alterations of dimension the 
wood experiences especially in the peripheral and radial direction simply by imbi- 
bition \ Every layer of wood freshly formed on the inside of the cambium-ring has 
a tendency to grow wider in the peripheral direction, as long as the supply of water 
is sufficient to cause a decided swelling of the cell-walls. The cambial tissue is by 
this means stretched tangentially, and the enlargement of its cells thus caused is 
increased by turgidity; and from the thinness of their walls it may be assumed 
that it is their turgidity that protects them from becoming destroyed by compression 
between the wood and the bark. The elements of the secondary phloem — the bast- 
cells and the phlo&'in-parenchyma — can scarcely experience any great chinge of 
dimensions owing to the swelling of their cell-walls ; the former are indeed thick- 
walled, but they are not so arranged as to form a layer which increases in size from 
this cause. The cells of the latter have such thin walls that their swelling produces 
but little expansion, and experience teaches that they do not increase much in size 
in consequence of turgidity. Finally, the periderm and the bark dry up and contract, 
if not to any great extent, yet with considerable force. 

The experience of every year shows that the fissures in the bark — especially 
of thick trunks at the end of winter in February and March — become deeper and 
wider, evidently in consequence of the great swelling of the wood, which at this 
time contains the greatest quantity of water; while the bark had time to dry up 
and contract during the dry weather in winter. If the fissures increase in width 
by the strong tension thus produced- which can be easily seen when fresh — the 
damp weather in spring causes the bark to swell ; the tension between it and the 
wood becomes much less, and the production of wood now begins afresh in the 
cambium. While the wood is becoming thicker during the summer, the bark dries 
up and shrinks, and the tension between the outside and inside again increases, 
to cease once more in the following spring. Not only does an annual period of 
transverse tension thus arise, but this is also the cause, as we shall see presently, 
of the difference between the spring and autumn layers of wood. 

The statements made in this section may be briefly summed up as follows: — The 
tissues, at first homogeneous, become first of all differentiated in such a manner that 
chemico-physical differences are set up, in consequence of which certain layers, espe- 
cially the pith, absorb the water in the tissues more strongly than the others, and 
consequently grow more rapidly ; and the layers which are less turgid and grow more 
slowly are exposed to a passive traction which promotes their growth. After growth 

1 [Nevertheless the amount offrater of imbibition which a single lignified cell-wall can take up 
is small. (See Sachs, Ueb. d. Torositat des Holzes, Arb. d. bot. Inst, in Wurzburg, II. 2, 
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in length has ceased it is principally the stronger imbibition and swelling of the wood 
that presses the surrounding layers of tissue outwards and promotes their peripheral 
growth. 

The intensity of the longitudinal and transverse tensions consequently depends mainly 
on the addition of water to the turgescent pith and the swelling wood; any decrease 
of the turgidity of the pith must cause it to contract, and hence the whole shoot to 
become shorter and flaccid. This is in complete accord with observation, since withered 
shoots, /. e. such as have lost water by transpiration, have not only become shorter but 
also flaccid. Any diminution of the amount of wat^r absorbed by the wood must in the 
same manner diminish the transverse tension and the diameter of the shoot. A small 
loss of water in the peripheral tissue when in a state of passive tension does not on 
the other hand usually cause directly any considerable increase in its tendency to con- 
tract ; since the increase in its size due to turgidity and imbibition are generally much 
less considerable than in the pith and wood. 

If now there are circumstances which cause a daily periodic change in the quantity 
of water contained in the tissues, the result will be also a periodic increase and decrease 
in the intensity of the longitudinal and transverse tensions. Such a daily periodicity of 
the tension has been actually discovered by Kraus (/. c. p. 122), who has observed that 
the longitudinal tension estimated by the dilferencc in length of the pith and the bark, 
as well as the transverse tension estimated by the contraction of the bark when detached 
irom woody stems, decrease, under the normal conditions of life, from early morning 
till midday or early in the afternoon, when they reach their minimum, and then again 
increase, attaining their maximum early the next morning. Millardet determined this 
periodicity in quite a different way ; and since the objects on which he experimented 
permitted an exact measurement, he detected in addition an increase, usually small, 
of the tension in the afternoon. Notwithstanding the statements of Kraus— which 
are partly opposed to this conclusion, but on the whole confirm it — 1 am inclined to 
attribute this periodicity chiefly or altogether to the variation in the amount of water 
contained in the tissues of the plant at different periods of the day. When transpiration 
is greatly diminished during the night, the quantity of water in the plant must in- 
crease, and with this the tension; and conversely the increase of transpiration during 
the early part of the day must diminish the tension. Space docs not permit me to 
give in detail the opposing statements of other observers ; but this will be done in 
part further on. Here I need only point out that the periodicity, especially of the 
longitudinal tension, may possibly be also directly dependent on light, independently 
of the heat which accompanies the light and of the increase of transpiration caused 
by it (although this cannot be proved by Kraus's experiments, /. c. p. 125). As far as 
concerns a daily periodicity indepemimt of temperature, light, and the amount of water 
contained in the tissues, I could only admit it when any other explanation of the 
phenomena was shown to be impossible. At present this is not the case. From the 
intimate dependence and correlation of growth and tension, from the fact discovered 
by me 1 that the daily periodicity of growth in length coincides in every particular 
with the daily periodicity of tension observed by Millardet and Kraus, and that it is 
caused simply by changes in temperature and light, I consider it very probable that 
the daily periodicity of tension is also dependent on these agencies. On the one hand 
they influence growth and through it the tension, while on the other hand they affect 
the amount of water contained in the tissues by modifying transpiration and its 
conduction from the roots. Like all other periodic phenomena of vegetable life, 
that of tension requires a very careful investigation of its external causes before we 
resort to the last expedient of assuming internal periodic changes, of which no explana- 
tion can be given in the present state of our knowledge’ 2 . 

1 Arbeitcn dcs Hot. Inst, in Wurzburg, 1872, I, I left 2. p. 168. 

a [A daily periodicity of thickness in the U links of trees has been detected by Kaiser (Ueb. die 
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Skct. 16. — Modification of Growth caused by Pressure and Traction. 

Cells or whole masses of tissue may be subjected to pressure and traction in very 
different ways. On the one hand these forces may result, in a perfectly normal 
manner, from the tension of the tissues; on the other hand, external and more 
accidental circumstances may cause single cells or masses of tissue to be com- 
pressed or stretched in particular places by solid bodies, or tissues to become 
accidentally freed from the pressure and traction to which they are normally subject. 
The numerous phenomena which indicate or prove that growth is altered in this 
way have however at present been exactly investigated from this point of view in 
only a few cases. The following will therefore only serve to draw attention to a 
subject further discoveries in which will doubtless contribute largely to the establish- 
ment of a mechanical theory of growth. 

1. Every cell-wall is subject to Pressure from within , by which it is distended, 
so long as the cell is turgid. But since the daily experience of microscopists 
teaches us that all growing cells arc turgid ; and that no cell which is unable to be- 
come turgid in consequence of openings in its cell-walls has any power of growth ; 
and that withered internodes, leaves, and roots do not grow, while these organs 
grow more rapidly the more strongly turgid they are, it may be inferred that turgidity 
is an essential condition of the growth of the cell-wall 1 . This appears to a certain 
extent intelligible if Nageli's theory of growth and Traube’s experiments on artificial 
cells described in Sect. 1 of Book ITT are accepted. It may then be assumed that 
the interstices between the solid particles of the cell-wall which are occupied by 
water increase slightly in consequence of the distension of the cell-wall caused by 
the hydrostatic pressure of the sap ; and that space is thus obtained for the interca- 
lation of fresh particles of solid substance ; the distension caused by turgidity then 
begins afresh and produces the same effect. 

The distension which takes place at any particular spot of the cell-wall and the 
consequent intercalation of fresh solid substance depend however chiefly on the 
internal properties of the cell-wall itself. Not only do different parts of the cell- 
wall differ in their extensibility, but they may even vary at the same spot in this 
respect in the longitudinal and in the tangential or the oblique direction, as may 
be seen from the swelling of the cell-wall. But that there is actually such a general 
difference in the extensibility in different directions is at once shown by the fact 
that growing cells assume the most various forms, — cylindrical, stellate, &c. ; while, 
if the extensibility of the cell-wall were the same in all directions, the cells must all 
become spherical as the result of turgidity, or polyhedral under that of mutual 
pressure. This little is nearly all that we know at present with reference to exten- 
sibility, turgidity, and growth by intussusception. It must be borne in mind that 

tagliche Period icit’at der Dickendimensionen der Tlaumstiimme, Diss. Inaug., TTalle 1879). See also 
Kraus, Ueb. Wasservcrtheilung in der Pflanzc, III, Die taglichc Schwellungsperiode der Pflanzen, 
Halle 1881.I 

1 [De Vries has shown (Meehan. Ursachen d. Zellstrcckung) that when a growing intemode is 
placed in a 5-10 per cent, solution of a neutral salt, its cells lose their turgidity, and that growth 
ceases; when the salt solution is washed out with distilled water, the cells regain their turgidity and 
growth is resumed. Sorauer (liot. Zeitg. 1878) has pointed out that individuals grown in dry air 
are much smaller than others of the same species grown in moist air. 'T hese farts, and many others 
which might be mentioned, show the dependence of growth upon turgidity.] 
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the rapidity of the growth of cells is in proportion to the thinness and therefore 
the extensibility of their walls. The growth in thickness of the cell wall usually 
begins when the increase of the cell in volume begins to diminish or has altogether 
ceased. 

Tf then the distension of the cell-wall caused by turgidity is the origin of its 
superficial growth, something similar must also occur when the cell-wall is stretched 
in some other w'ay by external forces, the turgidity being less. This is the case 
with the epidermis and cortex of shoots as a result of the tension of the tissues. 
Since in long internodes and leaves these cells usually grow principally in the longi- 
tudinal direction, while in broad leaf-blades they assume the form of polygonal 
j dates, this may be referred in the first case partly to the traction to which they are 
subject being chiefly in the longitudinal direction, in the second case to its being in 
all directions parallel with the surface 1 . It has already been stated that the cells of 
the primary cortex of shoots which are increasing rapidly in thickness arc not merely 
stretched but also grow rapidly in the tangential direction 2 . 

2. pressure from without on the celt wall which is (listen Jed ly turgidity occurs 
in a very simple form when the apices of growing cells come into contact with solid 
bodies ; as the root-hairs of land-plants with the particles of the soil 3 . The very thin 
and extensible cell-walls are in close contact with the irregular surface of the par- 
ticles, just as when an elastic bladder filled with water is pressed externally by an 
angular body, only that they retain, after the pressure is removed, the form which 
has thus been given them, evidently in consequence of the intercalation of fresh 
particles of solid matter which perpetuates the form at first acquired only by dis- 
tension. The reverse takes place when the external pressure on the cell- wall is 
removed. A very simple instance of this is afforded by the formation of the so- 
called ‘Tiillcn* in vessels ' 1 . They are formed where the thin non-lignified wall 
of a cell of the wood-parenchyma, still capable of growth, adjoins the pits of a 
vessel. The portion of wall which is stretched over the opening is forced through 
it by the pressure of the sap of the cell and swells out in the form of a papilla into 
the cavity of the vessel. As long as the vessel contained sap and was in a lurgitl 
state, its turgidity was in equilibrium with that of the adjoining cell ; but as soon as 
the cell-sap of the vessel w r as absorbed, the portion of cell-wall which covers the 
bordered pit was subject to pressure on one side only, and was therefore forced in 
the opposite direction. These phenomena can be produced artificially by the 
removal of the pressure to which the cells are subject from the adjacent tissues ; 
thus, for example, the cambium swells up on the cut surface of woody branches 
when placed in moist sand or air, in the form of a cushion between the bark and 
tine wood. This ‘ Callus,’ as it is termed, results from the growth of the uninjured 
cambial and adjoining cortical cells next the cut, where their growth was previously 

1 For further details on the possible influence of tension on the formation of stomata, see 
Pfitzcr, Jahrb. fiirvuss. Bot. vol. VII. p. 542. 

a On the connection of the radial and peripheral arrangement of rows df cells in a transverse 
segment with the increase in diameter, sec the lucid description of Nagel i in his Pickcnwachsthum 
des Stengels bei den Sapindaceen, Munich 1X64, p. 13 et s>eq.: [also Dcllefsen {loc. cit.)i] 

8 Sachs, Experimental- Physiologic, p. i 85 . 

* Sec Book I. p. 26 [and icfercneca in foot-note. These growths arc frequently termed * tyloses.’] 
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prevented by the cells which have now been removed. When once projecting 
beyond the cut, they grow more rapidly than before in a lateral direction in conse- 
quence of the turgidity, and become divided by transverse and longitudinal walls. 

The further development of such a callus where branches have been cut off 
leads to the well-known overgrowth on the stumps. In internodes of seedlings of 
2 y ha$eolu$ which had accidentally become hollow, I found the medullary cells which 
surrounded the cavity to have grown into it in the form of spherical or club-shaped 
papillx ; divisions ensued, and nuclei were formed in the cells thus produced. 'Flic 
medullary cells which exhibited this active growih on the free surfaces of their walls 
would have retained their polyhedral form had the pith remained solid, because 
every surface of the cell- wall would have been exposed to the pressure of the two 
adjoining cells ; but in consequence of the formation of the hollow, the pressure was 
removed on one side, and the turgidity, being no longer neutralised, caused the cell- 
wall to swell out, and induced in it an active superficial growth l . These phenomena 
and others of the same kind show that it is often sufficient merely to remove the 
pressure to which tissues or individual cells are subject in order to bring about an 
active growth of the free surfaces of their cell-walls. The first cause at least of 
the new growth is the distension of the free surfaces of the cell-walls in conse- 
quence of the turgidity of their cells which was previously neutralised by that of the 
adjoining cells. But that a very small pressure from without is sufficient to prevent 
the growth of softer tissues at the points of contact is seen in the ease of many large 
Fungi which develope among the vegetable mould of woods, and enclose in the 
margin of their pilous light loosely lying leaves, pieces of stick, and Ihe like. The 
small pressure from without clearly prevents in these cases the superficial growth of 
the walls of the cells with which these bodies are in contact, while the adjoining cells 
extend laterally and enclose them. 

But the most remarkable illustration of this law is seen in the effect produced by 
a slight pressure on the growth of tendrils, the longitudinal growth of the cells being 
thus greatly hindered and sometimes even stopped, while the cells of the opposite 
free side elongate rapidly, as is seen oven at the first glance without measurement by 
making a longitudinal section of a tendril curling round a slender support. In what 
way the slight pressure which acts in a radial direction, and is generally combined 
with friction, exerts an influence on the longitudinal growth is however entirely 
unknown. Very similar phenomena are exhibited by the primary and secondary 
roots of seedlings (as Zea, Faba, and Pisum). If they are allowed to grow in a damp 
locality, and the growing parts are made to press on one side some solid body as 
a pin or another root, the root bends like a tendril round the body with which it is 
in contact, this side growing more slowly than the opposite one. It is evidently in 
consequence of a similar influence of pressure on growth that the aerial roots of 
Aroidcne and Orchidex become closely attached to solid bodies, following exactly 
their inequalities. But even unicellular tubes, such as the hyphx of Fungi and 
pollen-tubes (Fig. 479), are induced by contact with a solid body to grow closely 
applied to it. I11 this simplest case, where the hydrostatic pressure is uniform over 
the cell and distends the cell-wall, it docs not admit of a doubt that the pressure 

1 Prantl succeeded in artificially inducing similar phenomena in the tubers of Dahlia . 
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from without impedes the growth of the cell, independently of turgidity, while the 
growth proceeds unhindered on the side which is not in contact. 

But the mechanical processes by which pressure on an organ in the radial 
direction impedes its growth on that side are unknown. The solution of the question 
must depend in the first place on whether the pressure acts on the cell-wall directly 
or in some way or other through the protoplasm l . 

But in contrast to the phenomena which have now been described, external 
pressure also sometimes causes growth at places where otherwise there would be 
none. Thus Pfeifer has shown 2 that certain hyaline superficial cells on both of 
the flat sides of the gemma? of Mar chan tia possess the power of growing out into 
tubular root-hairs when they remain in contact for some time with a moist solid 
body ; while contact with waiter produces no effect of the kind. These cells usually 
develope into root-hairs only when their outer surface is directed downwards, w'hile 
those on the upper side, not being in contact with, a solid body, do not grow out. 
This, as w r e shall sec presently, is an effect of gravitation, which is however over- 
come b/ the action of the slight continuous contact, since this causes the cells on 
the upper side of the gemma? also to grow out into root-hairs. The ‘haustoria* 



I'It» 179.— (.irmvtli <>f the pollrn titl »o of ( ,>»//*>, nm/a } ajrnm uiotdes A'/ tin* pftHcii-grnin , 
fs the i>nlii it-tube 1 lnst;ly applied to the sti^matic lwur nit. 

of Cumda and Cassytha and the adhesive discs on the tendrils of the Virginian 
Creeper are only formed, as was shown by v. Mold, on the continuous contact of 
the surfaces of the tissue with a solid body : and this has been confirmed by recent 
experiments of Pfeifer’s (/. c. p. 96)®. In these cases a growth combined with cell- 
division and differentiation of tissue is caused by contact or slight pressure on a 
part of the organ, and would not take place without this pressure. The haustoria 
and adhesive discs thus formed are altogether indispensable for the life of the 
plant; for Cuscuta is nourished exclusively by the haustoria which penetrate into 
the tissue of the host ; and it is by the formation of adhesive discs on the tendrils 
that the Virginian Creeper is enabled to climb up walls. If the tendrils do not meet 
with any solid body to which they can attach themselves by means of these discs, 


1 If the relation between protoplasm and the growth of the cell-wall were better known, stress 
might be laid on the fact that even a very slight pressure on the cell-wall disturbs the movement of 
the protoplasm, and may even cause it to become detached from the cell-wall (sec Ilofmeister, 
Lehre von der Pflanzenzelle, p. 51). 

* Arbeiten dcs Bot. Inst, in Wurzburg, Heft I. p. 22. 

• 3 [See also Darwin, On the Movements and Habits of Climbing Plants, London 1875, P* 84 

et SC7.] 
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they dry up and fall off, while those which have formed discs increase in thickness 

and become woody. 

1. The retarding effect on growth of an external pressure on the cells is very evident 
in the formation of the annual rings in wood. In the earlier editions of this work 
I called attention to the fact that the larger radial diameter of the wood- cells in the 
portion of the rings formed in the spring, and their smaller radial diameter in the por- 
tion formed in the autumn, might possibly depend on a difference in the pressure from 
the surrounding bark to which the cambium and the wood arc subject, this pressure 
being less, as we have shown, in the spring, and constantly increasing during the 
summer. This hypothesis has been fully confirmed by H. de Vries’s investigations 1 . 
In branches two or three years old he increased the pressure of the bark in the spring 
by firmly winding string round them at particular places. The experiment showed in 
all cases, firstly, that the absolute thickness of the annual ring was less beneath the liga- 
ture than the mean thickness of the same annual ring at some distance above or below 
that spot. In several instances the difference was so considerable that the spot where 
the experiment was made appeared of considerably less diameter even to the naked eye, 
and this effect was increased by the formation of cushions of wood immediately above 
and below the ligature. Secondly, the absolute thickness of the ‘autumnal layer’ of 
wood (up to the middle of August, when the increase in diameter of the tree on which 
the observations were made ceased) was always greater, and generally considerably so, 
at the spot where the experiment was made, than the normal thickness. In the trees 
examined ( Acer Pseudo-plat anus, Salix cinerea , Populus alba , Pavia) the autumnal wood 
formed at this spot consisted of fibres flattened radially, between which were a smaller 
number of vessels than in the normal wood ; its composition was therefore the same as 
that of the normal ‘autumnal wood.’ 7'he normal autumnal wood of Ailanthus glandu- 
losa consists almost entirely of wood-parcnchyma-cclls flattened radially; while the 
autumnal wood formed beneath a ligature made in May consisted of a thick layer of 
flattened fibres, between which a few vessels could be seen. These results show that 
when the pressure is increased, the formation of the autumnal wood begins at a time 
when, under normal pressure, a large-celled woody tissue is still being formed. 

A diminution of pressure is obtained by making radial longitudinal incisions into 
the bast-tissue. The strips of bast contract somewhat tangentially, since their tension 
ceases. Near the incisions the pressure of the bast upon the wood is entirely removed; 
but in the middle between two adjacent incisions a considerable pressure always remains. 
The fresh portions of tissue which arc formed next to the wounds differ to the greatest 
extent in their composition from the ordinary structure of the wood. A layer of wood 
of the ordinary structure is formed, on the other hand, in the portions of the cambium 
at the greatest distance from the incisions, and afterwards also on the outside of the 
abnormal portions of tissue. But it is only the tissue consisting of wood formed under 
artificially diminished pressure that we have at present to consider. The incisions 
were mostly 2 to 3 cm. long, and were made in the periphery of two- to three-year-old 
branches at distances of from 4 to 6 cm. in the middle of June and the middle of July, 
and therefore after the formation of the normal autumnal wood had already begun. 
The effect of the decrease of pressure was first of all shown, after the branches had 
been cut off in the middle of August, by a considerably greater increase in thickness 
at the spots than above or below them. On the transverse sections the thickness of 
the annual ring was greatest near the incision and decreased gradually from there to 
the middle points between two incisions. T he layer of wood formed after the com- 
mencement of the experiment was often more than twice as thick at the former as 
at the latter spots. For a more exact investigation only those pieces were used in 
which a layer of distinctly flattened fibres of autumnal wood had been formed before 


1 II. de Vries, Flora, 1872, No. t6. 
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the incision was made. But in all cases (the trees already named) the wood outside 
this layer of autumnal wood — and therefore all that was formed after the decrease of 
pressure- - consisted of fibres which were not at all flattened radially, but had the same 
diameter, or even one somewhat greater, than those in the middle of the normal 
annual ring ; it contained also as many vessels, or even more, than the normal wood. 
At the time therefore when autumnal wood is being formed in the normal parts of the 
branches, a woody tissue is produced, if the pressure is artificially diminished, agreeing 
in its structure witli the ordinary wood formed in the middle part of the annual 
ling. Kor the normal production of autumnal w'ood it seems therefore necessary for 
the bark and the bast to exercise a considerably greater pressure on the cambium and 
the young wood. 

These results explain the older experiments of Knight in 1801. lie fastened young 
apple-trees with a stem of about one inch diameter so that the lower part, about three 
feet long, was immoveable, while the upper part witli the foliage could bend under 
the pressure of the wind. During the period of vegetation the upper moveable part of 
the stem increased considerably in diameter, the lower fixed part only slightly. This 
is easily explained if we bear in mind that the swaying of the upper parts of the stem 
in different directions by the wind must always stretch the bark on the convex side, 
and therefore excntually relax it; it must thus become looser, and therefore the 
pressure of the bark at these points is always somewhat less than at the lower and 
immoveable parts of the tree. This explanation is completely confirmed by the fact 
that in one of the trees which could be swayed by the wind only in a northerly and 
southerly direction, the diameter of the stem increased so much in this direction as 
to bear the proportion of 13 to 11 as compared with the diameter in the easterly 
and westerly direction. It is obvious that this explanation is much more probable 
than that gi\en by Knight himself, who thought the movement of the sap in the wood 
was promoted by the swaying of the stem caused by the wind. 

r l he great assistance to the increase in diameter of trees afl'orded by the diminution 
of the pressure of the baik on the cambium has been long employed in horticulture. 
The bark of young trees is split from above downwards in summer; cushions of wood 
are formed at the edges of the incisions, w hich soon close up the wounds. The use 
of this process is that from the more rapid increase of the wood in thickness, the 
conduction of water to the leaves becomes more copious and the loss by transpiration 
is more easily replaced. The development of the buds and hence the formation of 
the organs of assimilation will be promoted by the increase of turgidity in the young 
branches. 

2. If the roots of a plant which is transpiring through its leaves can obtain but a small 
quantity of water from the soil, the turgidity of the tissues in the growing organs will 
be less than it would be if the roots were surrounded by more moist earth. The 
immediate result of this will be, that the cells, and therefore also the organs which 
consist of them (leaves, internodes), will grow more rapidly when the supply of water 
is increased : in this way the assimilating leaf-surface will be increased, and, as a 
secondary result, there will be increased assimilation. This, in conjunction with an 
adequate supply ol water, will produce a more vigorous growth of the whole plant, 
which will thus attain a more considerable size and a greater dry-weight than a plant 
which cannot obtain a sufllcient supply of water. These far-reaching effects of the 
turgidity produced by an abundant supply of water are very prominent in a series 
of experiments made by Soraucr (Bot. Zeilg. 1873) upon Barley-plants. These plants 
were grmvn so that all the conditions, except the amount of water in the soil, were 
the same in each case. In one cu.*>e the amount of water present in the soil was 10 per 
cent., in others 20, 40, 60 per cent, of the amount requisite for complete saturation. 
It appeared the more moist the soil the more fully were the leaves developed, that 
is, the greater the turgidity of the tissues. With the increase of breadth of the leaves, 
the number of the fibro-vascular bundles in them increased; and not only was the 
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number of the vessels increased, but also that of the cells, so that the more vigorous 
growth of the cells had induced more numerous divisions. The dry-weight also in- 
creased with the moisture of the soil: but if the latter exceeded 60 percent, of the 
quantity of water necessary for complete saturation, the dry-weight began to diminish. 
It appears that in this particular also, as in the case of heat and light, there is an 
optimum, below which every increase is favourable but above which it is injurious. 

Sect, i 7. Course of the Growth in Length under Constant External 
Conditions 1 . It has already been explained in the morphological portion of this 
work that the organs of a plant do not grow simultaneously and uniformly at all 
points ; but that roots and stems always increase slowly in size at the apex, as leaves 
also do at least at first. The growing-cells multiply by cell-divisions which take place 
regularly, but do not as a whole exceed a certain size, which is always small. 
Below this punctual vegetationis , consisting of primary meristem, not only does the 
differentiation of the homogeneous tissue into layers of different kinds begin, but 
also a more rapid increase in size of the cells, which do not now divide so often as 
before. In the parts of the organ which lie further from the punctual vegetationis 
cell-division ceases altogether (but at different periods in the different layers of 
tissue), while the growth of the cells still actively continues, until at length, when 
they have attained their ultimate form and size, the growth of the whole ceases. 
The cells are then several hundred or even thousand times larger than at the time 
of their formation beneath the punctual vegetation is. When the growth of stems, 
leaves, and roots has reached a sufficiently advanced stage of development, we are 
able therefore to divide their tissue into three regions — (1) the punctual vegetationis , 
where new cells are chiefly formed, and increase in size is slow; (2) the portion 
where the main part of the increase in size takes place, but where there is no longer 
any cell-division or only to a subordinate extent ; this is the elongating portion of 
the organ ; and (3) the portions which no longer grow, at least in length, i.e. the 
mature portions of the organ. When growth entirely ceases at the punctual vege- 
tationis , as is usually the case with leaves, all the cells continue to enlarge until the 
whole is mature. If the stem produces a number of closely crowded leaves, as it 
usually does, at its growing end, the whole of the region in which the chief part 
of the cell-division takes place is clothed with young leaves, which also themselves 
consist of cells undergoing division. But as soon as the leaves enter the second 
stage of development and begin to lengthen, they incline outwards ; and when 
the stem is growing rapidly in length and forming evident internodes (which is 
by no means always the case) the lengthening begins at those points where it bears 
the leaves, which also begin to lengthen at the same time ; the older mature leaves 
are generally found on mature internodes. If the internodes are clearly marked 
off from one another, as is especially the case when the leaves are verticillate or 
sheathing at their base, each internode forms a more or less individualised whole 

1 Ohlert, Langenwachsthum der VVurzcl, Linmra 1837, v °k XI. p. 615. — Miinter, hot. Zeitg. 
1843, ]). 125, and Linnsua, 1841, vol. XV. p. 209. — Uriesebach in Wiegmann’s Archiv. 1843, p. 267. — • 
Sachs, Jahrb. fur wissensch. Bot. i860, vol. II. p. 339. — Muller, Bot. Zeitg. 1869, No 24. — Sachs, 
Albeit des Bot. Inst, in Wurzburg, 1872, Heft 11 . p. 102; ditto, Heft III, 1873, and Flora 1873, 
No. 2i.— Askenasy, Flora 1873, No 15, [and Verhandl. d. nat.nicd. Vereins zu Heidelberg, N. F., 
Bd. II, 1878, Ueb. cine neue Methode um die Vcrtheiiung der Wachsthumsiutensitat zu bestimmen ; 
Strehl, Unlcrs. ueb. das Langenwachsthum der Wurzel, DLs. Innug., Leipzig 1874.] 
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as soon as it emerges from the bud, and different stages of growth may be distin- 
guished in it, advancing from below upwards. This may take place in two different 
ways, according as the uppermost or lowermost part of an internode remains in an 
undeveloped condition, the other end being completely mature. This zone which 
continues for some time in an undeveloped state — cell-division taking place actively 
in it — is commonly found at the upper end of the internode (as in Thaseolus ), and less 
frequently at the lower end, and this usually when it is enveloped by closely appressed 
leaf-sheaths or when it is in a bulb, as e.g. in Equisetaceae (especially E. hyemale ), 
Umbelliferre, the bulbous Liliaceoe, the haulms of Grasses, &c. If the internodes are 
not sharply defined, as in stems with small leaves and the floral axes of Dicotyledons, 
the various states of growth which have been described pass insensibly into one 
another on the stem ; and this is always the case with roots. If leaves when once 
expanded continue to grow for some time, the process is the same as in stems or 
branches ; while the lower portion of the leaf-stalk is fully mature, the upper parts 
present successively younger or less developed states. The formation of cells finally 
ceases at the apex and all the parts then become fully mature. This is strikingly 
the casein Ferns, less so in the pinnate leaves of Papilionacex' or the incised leaves 
of A ml i ace x. But very often the activity of the punctum vegetationis of the leaves 
lasts for only a short time and its tissue completes its growth while cell-divisions 
still continue at the base of the leaf, and all the transitional states of growth are to 
be found between the base and the apex. This occurs, for instance, in the long 
leaves which grow from the bulbs of Liliaceae and allied Monocotyledons. When 
a cell-producing zone of this kind occurs at the base of an internode or of a leaf, 
with more mature tissue lying above it, the whole organ behaves as if this zone were 
a punclum vegetationis ; the states of grow th succeeding one another in the reverse 
order. Such a zone, intercalated between mature portions of tissue, may be called 
an Intercalary Vegetative Zone . The growth of the internode or leaf may be termed 
basipetal, in contrast to the acropetal development where the punctum vegetationis 
lies at the apex of the internode or leaf. 

According as the conditions of growth — temperature, the supply of water, and 
illumination — are favourable, these phenomena proceed more or less rapidly and 
uniformly. Every young cell formed at the punctum vegetationis grows and matures 
more rapidly the more favourable these conditions are. But if the organs are 
observed under the most constant possible conditions as they emerge from the 
bud, it is seen that their growth, both in length and thickness, dependent on the 
gradual development of the cells, does not advance by any means uniformly. The 
growing portion of a root, internode, or leaf does not lengthen to an equal amount 
in equal consecutive intervals of time ; and the same is the case with stems con- 
sisting of a number of internodcs, and with each zone, however small, of a growing 
organ. It is seen in fact that the growth of each part begins at first slowly, 
becomes gradually more rapid, and finally attains a maximum of rapidity, after 
which the growth becomes again slower, and finally ceases when the organ is 
fully mature. 

If successive equal intervals of time are represented by T*, T 2 ... T w , and the 
increments during these intervals by I,, I s , ... I„, then it may be stated as a general 
rule that — 
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for Tj T, T a T 4 T ff T fl T 7 

we shall have I x < I a < I, < I 4 > I 6 > I fl > zero. 

This rule holds good for the separate zones of roots, internodes, and leaves, as well 
as for the entire organs from their first formation to the time of their full maturity. 
This course of growth I have termed The Grand Period' , or Grand Curve of Growth ; 
since it is at once evident that if the values I, , I 2 .... I M are drawn as ordinates with 
the intervals of time as' abscissae, a curve will be obtained which, starting from the 
axis of abscissae, reaches a maximum of elevation, and returns again to the axis. 
The following examples will render this more clear. 

Koppen 2 'ound the following increase of length attained in periods of twenty- 
four hours with a nearly uniform mean temperature : — 

Roots 8 of Lupinus albus . 

Increase in length. Mean temperature. 


First three days : per diem 

10 mm. 

i7* 2 °C. 

Fourth day 

18 

tfr6 

Fifth day 

44 

171 

Sixth day 

32*6 

169 

Seventh day 

27-9 

17*1 

Eighth day 

28 

16*4 


In an internode of the flowering stem of Fritillaria imperialis I found the fol- 
lowing increase in length in each period of twenty-four hours 4 : — 



Normal plant 
in the light. 

Etiolated plant 
in the dark. 

Mean temperature. 

March 20 

2 0 mm. 


io* 6 ° C. 

21 

53 


I Of) 

22 

6 *i 


1 1’4 

2 3 

6-8 


1 2*2 

24 

9*3 

7*5 mm. 

I 3’4 

25 

13*4 

12*5 

U 9 

26 

I 2*2 

125 

14*6 

27 

8*5 

115 

15*0 

28 

10*6 

14*2 

I 4’3 

29 

103 

12*6 

124 

30 

63 

* 5'9 

12*0 

3 i 

4*7 

1 Cr 6 

1 1*2 

April 1 

. 5-8 

182 

10*7 

2 

4 4 

155 

10*2 


1 4 Grand period/ in contrast to the small periodic oscillations of growth which, if represented 
graphically, would appear as smaller elevations and depressions on the grand curve. 

a Koppen, /. c. p. 48. I have calculated the daily growth from the lengths given in his tables. 

3 That is, the root together with the hypocotyledonary portion of the si cm. 

4 A few irregularities in the course of the growth are explained by the temporary acceleration 
of the growth from the watering of the ground. Compare the curve in pi. 1 of the Arbcitcn des bot. 
Inst, in Wurzburg, vol. I, Heft II. p. 129. 

3 G 
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Normal plant 
in the light. 

Etiolated plant 
in the dark. 

Mean temperature. 

April 3 

3*8 mm. 

14-0 mm. 

9 * 4 ° C. 

4 

2*0 

13*8 

io-6 

5 

1*2 

1 1*9 

107 

6 

o*7 

8-8 

11*0 

7 

0*0 

4*4 

iro 

8 


2*1 

1 1*2 

9 


o*6 

*i*5 

10 


0*0 

125 


An internode of Humulus Lupulus gave — 


April 22 


Increase in length 
in 24 hours. 

19-0 mm. 

Mean 

temperature. 

*4*9° C. 

23 

- 

25-0 

14*5 

24 


260 

M 3 

25 


17*2 

13*9 

26 


4-8 

14-1 


Harting found that a Hop-stem, consisting of a number of internodes, which was 
492 millimetres long on May 15th had attained by the end of August a length of 
7-263 metres, this growth being distributed as follows over the different months : — 


0-492 metres in April. 
2-230 May. 

2*722 June. 

1*767 July. 

0052 August. 


These observations and a number of others show that the grand period of 
growth manifests itself even when the course of the changes of temperature acts in 
opposition to it ; *. e. when the temperature rises while the rapidity of growth de- 
creases owing to internal causes, and vice versd. The course of growth may no doubt 
be so modified by great changes of temperature that the curve of the grand period 
can no longer be recognised in the measurements. 

In order to determine the grand period of growth in a piece of a growing root, 
internode, or leaf-stalk, it is sufficient to mark a zone of the organ at the part where 
elongation is beginning by two lines of indian ink, and to measure the daily (or 
half daily) growth of this piece until it ceases. 

By applying this method to the primary root of Vida Faba , the temperature 
varying each day between 18 0 and 2i*5°C., I found the following increase to take 
place in each period of twenty-four hours in a piece originally 1 mm. long situated 
immediately above the punclum vegetationis : — 


1st day 
2nd 


3rd 

4th 


r8 mm. 
3*7 
17*5 
165 
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5th day 

17*0 mm. 

6th 

I 4‘5 

7th 

7*o 

8th 

0*0 

In the same way I found that a 

piece at first 3*5 mm. long of the first inter- 

node of Phaseolus multiflorus beneath 

file first pair of foliage-leaves, with a daily 

variation of temperature between 12*75° and 13*75° C., showed the following in- 

crease : — 


1 st day 

i*2 mm. 

2nd 

i*5 

3rd 

2-5 

4 th 

5*5 

5th 

7*0 

6th 

90 

7 th 

14*0 

8th 

10*0 

9th 

7*0 

10th 

20 


Since every organ that is growing in length consists of zones of different ages, 
which are produced in succession from the primary meristem of the punctum vegeta- 
tionis (or of an intercalary vegetative zone), the successive zones of an internode 
or a root indicated by ink-marks must show different increments of growth in 
equal times. While the zone nearest the punctum vegetationis is beginning to grow, 
the next one has already entered on a later phase of its grand period, while one 
at a greater distance would have attained the maximum of its rapidity of growth, 
and a still further one would have ceased to grow. In other words, a number of 
zones below the cell-producing punctum vegetationis are in the ascending phase, 
while those lying further backwards are in the descending phase of their grand 
period ; or again, each zone is in a later phase of its period of growth the greater its 
distance from the punctum vegetationis . If the successive zones of a growing organ 
are indicated by the figures I, II, III, &c., and the increments of growth observed 
at the same time in each of them by I x , I 2 , I 8 , &c. ; then we have the following 
relationship : — 

I II III IV V VI VII VIII 

I, < I 2 < I s < I 4 > I t > I 6 > I, > zero. 

There is therefore in the organ a region of maximum rapidity of growth. Thus, 
for example, I found in the first internode of Phaseolus multiflorus y which was divided 
into twelve zones, each 3*5 mm. long, in the first forty Jiours : — 


Zone. 

Increment. 

(uppermost) . . 1st 

2*0 mm. 

2nd 

2*5 

3rd 

4-5 

4th 

6*5 

sth 

5*5 
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Zone. 

Increment. 


6th 

3*0 mm. 


7 th 

i*8 


8th 

ro 


9th 

10 


10th 

°‘5 


nth 


(lowest) . 

. 1 2th 

o‘5 


The maximum rapidity of growth lay therefore in the fourth zone, which was 
originally situated at a distance of about 10*5 mm. from the upper end of the inter- 
node. 

As it is usual for several contiguous internodes of stems to be growing at the 
same time, and the maximum rapidity of growth occurs, according to circumstances, 
in the second, third, fourth, or fifth internode beneath the bud, the region of most 
rapid growth is at a considerable distance from the apex of the stem, and especially 
when the internodes attain a considerable length and several are growing at the same 
time. In roots, on the other hand, the maximum rapidity of growth occurs much 
nearer the punctum vegetationis , usually at a distance of only a few millimetres ; 
and the portion of the root beneath its apex in which the chief part of the growth 
takes place is consequently only a few millimetres long, while in stems with long 
internodes it is often many centimetres in length. If therefore a root and a stem 
with long internodes are divided into zones of equal lengths, e.g . 1 mm., com- 
mencing from the punctum vegetationis , the law of growth, as expressed by the 
general formula given above, is the same in both cases, but with this difference, 
that in the stem the number of zones that are increasing in length at the same time 
is much greater than in the root, in consequence of the fact that in the last case 
each zone completes its period of growth more quickly 1 ; its curve is shorter and 
more abrupt. 

Thus, for example, in a primary root of Vicia Faha which grew in damp air 
and which was divided, starting from the punctum vegetationis, into zones each 1 mm. 
in length. I found the following increments of growth in the first twenty-four hours 
at a temperature of 20*5° C. : — 


Zone. 

Increment. 

1 oth 

0*1 mm. 

9th 

0*2 

8 th 

o *3 

7 th 

°\5 

6th 

r 3 

5th 

i*6 

4 th 

3 5 

3rd 

8*2 

2nd 

5-8 

apex 

if) 


1 It by no means however follows from this that the root grows more rapidly, i. e, attains in the 
same time a greater length than the stem. 
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In this case, therefore, the third zone, where the maximum increase of growth took 
place, was at first at a distance of only 2 mm. from the apex. 

It is clear that if an organ is divided into zones of small length, each zone 
will in general contain a larger number of cells the nearer it is to the punctum 
vegetationis , since the cells are longer the further they arc from the apex. But from 
the point where growth ceases the number of cells in the successive zones of an 
organ of uniform structure will be the same. If therefore the zones are again 
designated by the numbers I, II, III, &c., the number of cells in them by N 1} N.,, 
N a ... N u , then we have : — 

I II III IV V VI VII VIII 

N x > N 2 > N, > N 4 > N 5 > N c > N, = N 8 . 

But the difference in the number of cells in the zones is very far from being 
the cause of the difference in the rapidity of growth that prevails in them ; as is 
seen at once if it is recollected that the number continually decreases from the apex 
throughout the growing region, while the rapidity of growth first increases and 
then decreases. This may be expressed by the following formula : — 

I II III IV V VI VII VIII 

Nj > N 2 > N 8 > N 4 > N c > N f( > N 7 = Ng. 

I, < I. < I 3 < I 4 < I 6 > I c > I 7 > zero. 

If it were possible to divide in the same manner a filament of Vmcheria , a 
root-hair of Mar chant ia, or a similar unicellular organ, into small zones, it can 
scarcely be doubted (as we may conclude from other circumstances dependent on 
growth) that we should find the same law to regulate the distribution of the rate of 
growth in individual cells endowed with a power of apical growth. . Since the same 
law applies to roots and stems — whether zones 1 or 2 millimetres or, in the case of 
stems, 1 or 2 centimetres in length are observed — it is to be expected that this 
formula would hold good also if zones of only a tenth or hundredth, or even 
thousandth of a millimetre could be marked out and measured. In other words, 
we should find that the law of the grand period holds good for each single minute 
area of the surface of the wall of a young cell. 

If the power of any particular zone to attain a definite length is called its 
Energy of Growth , then a zone which up to the time when its growth ceases reaches 
a length of 10 mm. would have a smaller energy than one which continues to grow 
until it has reached a length of 100 mm. Thus, for example, the successive inter* 
nodes of most stems each of which was at one period 1 mm. long, differ very 
greatly in length when mature ; the internodes first formed arc short, the next 
longer, and finally we have one the longest of all, followed again towards the apex 
by shorter ones. If we designate the energy of grosfth of the internodes I, II, III, 
•&e., by E„ E a , E a , &c., we get the series — 

» , 

I II III IV V VI VII VIII 

Ej < E, < K s < E 4 > E„ > E c > E 7 > Eg. 

With this increase and decrease in the energy of growth of the various inter- 
nodes of a stem is usually associated a similar relationship between the size of their 
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leaves, the lower ones forming smaller, the upper ones larger leaves, and then a 
largest of all (or whorl of largest leaves), usually followed again by smaller ones 1 . 
The secondary roots also which spring from the same primary root show similar 
relationships, the first attaining a smaller length than those that follow, and these 
being again followed by a graduated succession of shorter ones. The same is the 
case also with the lateral branches of the stems of annual plants, as well as of trees, 
especially when the order of development is distinctly monopodial. 

It seems probable that an investigation of the zones of a root, stem, or leaf 
would also show that the energy of growth of successive zones first .increases, then 
reaches a maximum, and finally decreases. The cells in the zone in which the 
maximum energy of growth prevails would also be the largest, while their number 
would be least. This hypothesis is in harmony with Sanio's measurements 2 of the 
wood- cells of Phtus sylvestris ; for he found that the final constant size of the wood- 
cells of the stem varies, increasing gradually from below upwards, till it attains a 
maximum at a definite height, and then again decreases towards the apex. The 
same is the case with the branches. 

If ii be permissible to ascribe a special energy of growth to each separate 
zone of an organ, it becomes possible to understand how it is that, as is actually 
the case, every zone has its separate period of growth, and that a grand period for 
the whole organ itself may be determined. The maxima of rapidity of growth 
attained in the successive zones first rise and then fall ; the duration of growth also 
of the zones probably at first increases and afterwards diminishes. Consequently 
the measurements of the whole organ represent the sum at first of only few and 
small partial increments, later of more numerous and larger ones, until finally 
the sum of the partial increments diminishes, because the number of zones growing 
at any one time and the energy of their growth alike diminish. Further investi- 
gation will show whether this hypothesis, which is at least an approximate one, is 
correct. 

If the increments of length of an intemode, stem, or leaf, in short intervals of 
time such as half-an-hour or an hour, are compared, it is usually found that they do 
not increase and then decrease regularly, but irregularly, the growth being sometimes 
greater, sometimes smaller. If the grand curve of growth is constructed directly 
from them, it does not assume the form of a continuous curve, but shows a number 
of small zigzags, which however disappear, if, for example, the interval is extended 
from one to three hours or more. These phenomena I call irregular variations 
of growth 3 . They appear to result from the plant being subjected to continual 
small variations of temperature, air, light, and moisture of the soil, which alter the 
turgidity, and therefore the extensibility and elasticity of the growing cells. I come 

1 This phenomenon has not at present been sufficiently investigated. In many stems, especially 
creeping ones, when the leaves have reached a certain size, this size remains constant in a long series 
of leaves before any decrease occurs. 

8 Jahrb. ftir wissensch. Bot. 1872, vol. VII. p. 402. By a ‘constant’ size of the wood-cells I 
understand that which they possess in the later annual rings; in the inner annual rings they 
gradually increase, until in the following ones they attain a constant size. 

* For further details see Reinke, Verhandl. des bot. Vcreins fiir die Provinz Brandenbuig, 
Jahrg. VII ; and Sachs, Arbeit dcs bot. Inst, in Wurzburg. Heft II. p. 103. [See also Drude, Die 
stossweisen Wachsthumsaenclerungen in der Blattentwickelung von Victoria regia , Halle 1881.] 



DAILY PERIODICITY OF GROWTH IN LENGTH . 823 

to this conclusion from observing that irregular variations of growth become less 
the more the plant is protected from variations in the surrounding conditions. Partial 
irregular neutralisations of the tension of the tissues may also cooperate to produce 
this result. 

Sect. 18. — Periodicity of Growth in length caused by the alternation 

of day and night. The alternation of day and night implies varying combina- 
tions of the conditions of plant-life, especially of those that affect growth. Day 
and night are distinguished not only by the presence and absence of sunshine, but 
also by a consequent higher and lower temperature, which again causes variations 
in the moisture of the air. Independently of special meteorological phenomena, 
the temperature falls daily with the diminishing elevation of the sun till sunrise 
the next day, that of the air rapidly, that of the ground more slowly ; at sunset the 
fall is sudden, as is the rise at sunrise. In general the atmosphere approaches a 
state of saturation as the temperature falls, *. e. the hygrometric difference decreases, 
as it increases with the rising temperature. But these general daily alternations act 
in a variety of ways, and even in opposite directions on the growth of plants ; the 
increasing intensity of the light after sunrise retards growth, while the increasing 
temperature promotes it, as long as the other conditions remain the same ; but the 
increase of the hygrometric difference caused by the increasing temperature of the 
air occasions also an increase of transpiration, which effects a diminution of the 
turgidity of the tissues, and this again retards growth. 

It is important to ascertain which of these variable causes exercises the greatest 
influence on growth ; and it will depend on this whether the growth of the plant 
is most rapid by day or by night. On a cloudy but warm and damp day the weak 
light has only a slightly retarding effect, but the temperature and the great amount 
of moisture greatly promote growth ; under these circumstances the growth may be 
greater than in the succeeding night (equal periods of time being compared), 
when the total absence of light promotes growth, but the lower temperature is less 
favourable to it. But the proportion may be reversed ; the plant may grow more 
slowly by day than by night when the difference in the temperature and moisture 
of the air during each is but small and very bright days intervene between dark 
nights, the intense light retarding growth by day more than the depression of the 
temperature by night. 

The greatest variety of combinations may be imagined in this respect; and from 
the extreme changeableness of the weather the plant will, according to circumstances, 
sometimes grow more quickly by day, sometimes by night, without exhibiting any 
exactly recurrent periodicity. The numerous observations which have been made 
in this direction do not therefore point to any general law 1 . It has however 
been ascertained that, especially when long periods o£ time such as entire days are 


1 These will be found described by me in detail in the Arbeiten des bot. Inst, in Wurzburg. 
1872, p. 170. [Baranetzky (Die tagliche Periodicitat im Langenwachsthum der Stengel, Mem. de 
l’Acad. imp. de St. P&ersbourg, XXV 11 , 1879) finds that there is a daily periodicity of the growth 
of stems which is independent of the direct influence of any external conditions: (see also Bot. Zeitg. 

1877).] 
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compared, all the other conditions of growth are outweighed by the effects 6f the 
variations of temperature, so that in general the rapidity of growth increases with a 
rising and decreases with a falling temperature. The result of a number of measure- 
ments made by Rauwenhoff during several months in the most various weather was 
that the mean growth was greater in twelve hours of the day than in twelve hours of 
the night ; viz . 



By day. 

By night. 

Bryonia 

590 pc. 

41*0 p.C. 

Wistaria 

57 8 

42*2 

Vitis 

55 'i 

44*9 

Cucurbita • 

567 

43*3 

do. 

57 '* 

42’8 

Dasyltrion 

553 

. 44*7 


A similar tabular statement shows that the favourable influence of a higher 
temperature by day outweighs the retarding influence of daylight. Rauwenhoffs 
measurements show accordingly that the mean growth during six hours of the fore- 
noon is less than that during six hours of the afternoon ; since, while the average 
amount of light is the same, the temperature is higher in the afternoon than in the 
forenoon. If the afternoon growth is placed at ioo, then the morning growth is — 


Bryonia 

86 

Wistaria 

7 i 

Vitis 

67 

Cucurbita 

79 

do. 

8 r 


If however we calculate from Rauwenhoff’s measurements the daily and nightly 
and the morning and afternoon values for shorter periods in which the changes of 
the weather do not neutralise one another, it will be found that the growth by night 
sometimes exceeds that by day, and that the afternoon is not always more favourable 
than the morning. 

It is clear from what has been said that it is impossible to determine from 
observations in the open air, where the variations of temperature, light, and moisture 
are very great and are combined in a great variety of ways, in what manner each 
separate condition of growth affects the plant, and whether the alternation of day and 
night causes a similar alternation of growth, or whether there exist in the plant itself 
causes of daily periodicity independently of external changes. In order to decide 
this question, it is necessary first of all to make the observations independent of the 
accidents of weather, which is only possible by carrying them on in well-closed 
rooms where the temperature can be kept constant or made to vary, and where the 
amount of light can be increased or decreased, and the moisture regulated in the air 
and in the soil of the flower-pot. Under these circumstances it is possible to study 
the action of an increasing or decreasing amount of light upon a plant exposed to 
constant conditions of humidity and temperature, and therefore exhibiting a con- 
stant degree of turgidity; it is sufficient to measure and compare the increments of 
growth during short periods of time. 
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A long series of observations of this kind on internodes has given me the fob 
, lowing results 1 : — 

(1) The more exactly a constant temperature is maintained, darkness being 
constant and the amount of moisture being also constant, the more uniform is 
the course of growth at different periods of the day. There does not appear to be 
any daily periodicity of growth independent of external influences. The irregular 
variations of growth mentioned above were however observed. 

(2) If great variations of temperature are allowed to act on a plant growing 

in darkness and with a constant amount of moisture, to such an extent that the tem- 
perature of the air round the plant alters some degrees C. from hour to hour, 
the rate of growth of the internodes rises and falls with the rising and falling 

temperature. If the hourly increments are taken as ordinates, and the intervals of 

time as abscissae, the curve of growth follows all the elevations arid depressions of 
the curve of temperature, without however any actual proportion being observable 
between the growth and the temperature; the curves do not run parallel but are 
only of the same description. 

(3) If care is taken that during the period of observation the temperature 

undergoes only slight and gradual changes, while (the moisture being sufficiently 
uniform) the amount of light changes in the ordinary manner, increasing from morn- 
ing till midday and decreasing from midday till evening to complete darkness at 

night, it will be found that the increments of growth are always greater from even- 
ing till sunrise, diminishing suddenly after sunrise, and then more slowly till evening. 
The alternation of day and night causes therefore under these circumstances a 
periodical rising and falling of the curve of growth of such a nature that a maxi- 
mum occurs in the morning at sunrise and a minimum before sunset. A second 
rising of the curve of growth usually takes place also in the afternoon ; but this, as 
1 have shown, is a consequence of the higher temperature ih the afternoon which 
overcomes the influence of light. The retarding influence of light is therefore 
strong enough to overbalance the favourable influence of the slight elevation of 
temperature in the forenoon, but not sufficient to overcome that of the stronger 
elevation of temperature in the afternoon. 

The fact is of great interest that when a plant has been exposed to light during 
the day, its curve of growth after sunset, or if placed in the dark in the evening, does 
not immediately rise abruptly ; t\ e . that the most rapid growth which is independent 
of light is not at once attained when it is suddenly placed in the dark ; but that — as 
is shown by the curve rising slowly till morning — the growth which has been retarded 
during the day only becomes gradually more rapid in the course of some hours, 
until the light to which the plant is again exposed in the morning causes a fresh 
retardation of growth, which again increases from hour to hour till the slowest rate 
is attained in the evening, if the temperature remains constant. In other words, the 
two internal conditions of the plant which correspond to darkness on the one hand 
and to daylight on the other hand pass over only gradually into one another. Light 

1 Sachs, Arbeit, des bot. Inst. Wiirzburg, 1872, vol. I, p. 168 et seq. The plants observed were 
chiefly Fritillaria imperialism Hamulus Lupvlus, Dahlia variabilis , Folemonium rejians, and Rickardia 
athiopica. 
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requires a considerable time in order to overcome the nocturnal, darkness a con- 
siderable time to overcome the diurnal condition of growth of the plant. If this 
were not the case, the curve of growth would at once rise abruptly in the evening 
when the room is suddenly darkened, would then continue at the same elevation till 
morning, would fall abruptly when light is again let in, and would then continue at 
the same height till the evening. But this does not correspond to the observed 
phenomena. 

In order to study more closely the changes of growth occasioned by internal causes, 
or the dependence of these changes on external conditions, it is necessary to measure 



I- 1C.. 480.— Arc-indicator, or apparatus for measuring the growth in length of a plant 
during short periods of time. 


the increments in short spaces of time such as an hour or two or three hours. In the 
case of internodes or leaves of large plants which are growing very rapidly, as the flower- 
stems of Agave or the leaves of Musaceae, this can be done with a certain degree of 
exactness by simple measurement with a measuring-rod. But for the purpose of more 
exact observations it is more convenient to make use of smaller plants which do not 
grow so rapidly, the growth during an hour not amounting to more than a millimetre, or 
even less. In such cases a simple measuring-rod is not sufficiently exact ; and I have 
employed in its place three different methods. In each of them a thin but strong thread 
of silk is fixed to the upper end of the stem or internode of the plant growing in a 
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pot, the thread passing vertically over an easily moveable pulley and moving an index 
fixed to the free end of the thread or to the pulley. 

1. The Thread-indicator is a simple contrivance in which the free end of the thread 



tohlc Auxanometer, for recording the growth in length during short periods of an mternode of a 
grow.,.* . - - the lines scored by the index * on the blackened paper/ fixed to the cylinder C which is made to 

rotate eccentrically by means of the clock.work A 

which hangs down from the pulley and is kept tight by a weight of a few grammes 
carries a horizontal needle which moves freely over a graduated scale as the end of the 
thread which is fixed to the plant rises with its growth. 
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2. In the Arc-indicator the thread r/(Fig. 480) fixed to the plant a is carried over 
the pulley d and fixed to a pin >vhich is attached to a second pulley#. An index z made 
of a straight and firm straw is fastened to this second pulley in the radial direction, its 
free end pointing to a graduated scale on the arc of a circle m n. The equilibrium of the 
index is secured by the small weight / Which tends to turn the pulley in the opposite 
direction with a force which keeps the thread cf in a state of tension. As the internode 
below the hook h lengthens, the weight i sinks, and a piece of the thread cf of equal 
length is rolled off* the pulley #, thus raising the index on the arc. If the index is, for 
example, ten times as long as the radius of the pulley, the portion of the arc which it 
will pass over represents ten times the increase in length of the internode. But since it 
is not usually required to know the absolute amount of the increase but only the relative 
amount in different times, it is sufficient merely to read off and compare the movements 
of the index on the graduated scale. By this instrument we are able to measure very 
small increments of growth ; but, like the first process, it has the disadvantage that the 
observer must watch it during the whole time, which renders the investigation very 
difficult, especially at night. 

3. The Autographic Auxanometer gets rid of this difficulty. It consists of a simpler 
form of the instrument already described. The thread /fastened to the plant sets directly 
in motion the pulley which carries the index z, being fixed to it by a pin at r. The 
tension eff the thread caused by the index itself is still further increased by the weight #. 
By this contrivance the point of the index falls as the stem grows below the point to 
which the thread is fastened. By means of the clock-work D the cylinder C fixed upon 
the vertical axis a is made to rotate slowly, the rotation being arranged by adjusting the 
length of the pendulum / so that a revolution is completed in exactly an hour. The 
cylinder is however fixed eccentrically on the axis <?, so that during the rotation one side 
describes a larger circle than the other side. On the former side is fastened a piece of 
smoked paper p p. When the index is properly adjusted, its point touches the paper 
and describes on it a white line j / during the rotation of the cylinder. But after the 
rotation has continued for some time the index is no longer in contact with the paper 
owing to the eccentricity of the cylinder, but becomes so again afterwards when it 
inscribes another line lower down. The distances between the lines described on the 
cylinder evidently depend on the rapidity of growth of the plant 1 . When, in consequence 
of this growth, the index has, alter say twenty-four hours, reached the lower margin of 
the paper p p, the clock- work is*stoppcd, the paper removed and replaced by a fresh 
piece, the index being again set by raising the pulley, and the observation repeated. 
The lines on the blackened paper are fixed by a varnish of collodion and dried, and the 
distances between them are proportional to the hourly growths of the internode. It is 
clear that the apparatus not only magnifies the increments, but also records them in the 
absence of the observer, which is very convenient, especially for observing the nocturnal 
growth. It is how’ever necessary even in this case for the observer to note the tempera- 
ture and the hygrometric conditions, at least between morning and evening. Fig. 481 
shows in addition a tin vessel B, consisting of two halves united by a hinge, which may 
be used for shutting out the light from the plant, even after the thread has been attached 
to it. At E the thermometer t is placed in a similar vessel near the plant. 

Sect. 19. — Effect of Temperature on Growth 2 . It has already been shown 

1 See Arbeiten des Wurzburg, hot. Inst , Ileft II. [W T iesner, Ueb. eine neue Construction des 
selbstrcgistrirenden Auxanometers, Flora 1876] 

* F. Burkhardt in Verhandl. tier naturf. Gts. in Basel, 1858, vol. II. 1, p. 67.— Sachs. Jahrb. fur 
wissensch. Bot. i860. Heft II. p. 338. - Alph. Pc Candolle in Biblioth. univ. et rev. Suisse, Nov. 1866. 
— IT. de Vries, in Archiv. neeilamlaises, 1870, vol. V. — Kbppen, Warme unci PflanzenAVachsthum, 
Dissertation, Moskow 1870. [See also Haberlandt, Landw. Vcrsuchsstationen, XVII, 1874; Just, 
.Cohn’s Beitrage, II, 1877; Uloth, Flora, 1 v 7i and 1875; von Ilbhncl, in Haberlandt’s WUs. prakl. 
Untcrs. II, 1877.] 
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in Sect. 7 that the life of a plant generally and its growth in particular is carried on 
only within certain limits of temperature (in general between zero and 50° C.), and 
that each function has apparently in every plant its inferior and superior limits; 
so that, for example, the lowest temperature at which a plant of Wheat can grow is 
different from the lowest at which a Gourd can grow, &c. It has also been shown 
that growth, like other phenomena, is more active the higher the (constant) tem- 
perature above the inferior limit, but that there is a certain temperature at which 
growth reaches its maximum activity, and above which any further rise of temper- 
ature causes a diminution of its rapidity. There is not, in the mathematical sense 
of the term, any proportion between the rapidity of growth and the height of the 
temperature, and the more accurately the relation between the two has been investi- 
gated, the more difficult is it to express this relation by any mathematical formula. 
It cannot, on the other hand, be doubted that it is of the utmost importance for 
any future theory of the mechanical laws of growth to ascertain the extent to which 
growth depends on temperature, at least in a few particular cases. 

The difficulties of investigations of this kind are however much greater than is 
generally thought; and the results obtained hitherto, valuable as they are, go no 
further than what is stated above, and give us no deeper insight into the way in 
which that particular mode of motion of the molecules which we call heat is con- 
nected with that mode of motion which causes growth. 

Restricting ourselves to the results at present obtained, it will be seen that they 
have a great practical value in addition to their theoretical significance. A know- 
ledge of the cardinal points of temperature, viz. its superior and inferior limits and 
the particular temperature at which the maximum of action takes place, is indis- 
pensable to investigations of various kinds, in order to get at a correct interpretation 
of the phenomena. On this account a few of the more trustworthy observations 
may be given here. 

In order to determine the cardinal points of temperature to which allusion has been 
made, observations are of value only when conducted at nearly constant temperatures; 
the means deduced from very variable temperatures may, as I have shown, lead to 
very erroneous conclusions. It is however by no means easy to maintain a sufficiently 
constant temperature for a whole day even by artificial heating or cooling. Special 
difficulty is met with in the determination of the inferior limit or specific zero, since the 
observation must extend over a considerable time— in the case of germination, several 
weeks — to be certain that growth does not take place. It would be possible, by means 
of the apparatus already described, to determine in the course of a few hours whether 
growth still takes place in an internode at a very high or at a very low temperature, and 
at what temperature it is the most rapid, if it were not extremely difficult to regulate the 
temperature of the plant in the apparatus with sufficient exactness. The auxanometer 
will however be very useful even in this case. The observations on this point hitherto 
made, at least those which have any physiological value, have been on germinating seeds, 
as the temperature and moisture of the soil in which fhey grow can be more easily 
regulated than of the air in the case of internodes. Special facilities are offered by the 
roots of seedlings, as they do not emerge from the soil, and arc more easily measured, 
from their simpler and more regular form. The following figures refer only to the roots 
of seedlings, the hypocotyledonary portion of the stem being also, in the case of Dicoty- 
ledons, included in the root. That exactly the same figures arc not always obtained by 
different observers is the result of differences in the mode of observation, the amount of 
water, the nature of the soil, the inaccuracy of thermometers, &c. 
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The first point to determine is, whether germination — i.e. the growth of the embryo 
at the expense of the reserve materials in the seed — takes place only at certain tempera- 
tures, and at what temperature it takes place most quickly. Observations of my own 
gave the following results : — 

Inferior limit. Most rapid growth. Superior limit. 


T riticum vulgare 

5 ‘C. 

28 ‘ 7 v G. 

42 - 5 ° G. 

Hordeum vulgare 

5 

28*7 

377 

Cucurbita Pepo 

13*7 

337 

46*2 

Phaseolus multiftorus 

9*5 

337 

46*2 

7*a Mats 

9*5 

337 

46*2 


This table shows, if the ascertained temperatures are correct, that grains of Wheat 
cannot germinate below 5°C., or seeds of the Gourd below 13*7°, &c., however long they 
may lie in moist earth ; and that they no longer germinate, but quickly perish at tempera- 
tures above those named in the third column ; while at the temperatures named in the 
second column germination takes place in a shorter time than at either higher or lower 
temperatures. It may however be taken for granted, from the great difficulty of obtain- 
ing these numbers, that the result of further observations will not be identical, though 
probably approximate. It is clear that many series of experiments will be necessary 
in order, to determine each of the cardinal points. The following figures, obtained by 
Koppen, agree moderately well with mine, as far as they relate to the same plants : — 



Inferior limit. 

Most rapid growth. 

l 7 ’riticum vulgare 

7 * 5 ° C. 

29*7° c. 

7.ea Mats 

y6 

32*4 

Lupinus albus 

7’5 

28*0 

Pisum sativum 

67 

26*6 

The following figures were obtained by H. de Vries 



Most rapid growth. 

Sup, -nor limit. 

Phaseolus vulgaris 

3 X '5 C. 

above 42*5 

Helianthus annuus 

31*5 

below 42*5 

Brassira Napus 

3 r ‘5 

„ ' 12-5 

Cannabis sativa 

3 1 ’5 

above 42*5 

Cue urn is Melo 

37’5 


Sinapis alba 

27-4 

above 37*2 

Lepidium sativum 

27*4 

below 37*2 

Linum usitatissimum 

27*4 

above 37^ 

The following results 1 , obtained by Alphonse de Candolle, arc moderately trustworthy 

as far as relates to the inferior limit, 

but hardly so much 

1 so with respect to the superior 

limit and the temperature of most rapid growth, as may be concluded from various 


statements made by the observer. 



Inferior limit. 

Most rapid growth. 

Superior limit. 

Sinapis alba 

0*0° C. 

2 1° C. 

28° C. 

Lepidium sativum 

i-8 

21 

28 

Linum usitatissimum 

i*8 

21 

28 

Collomia coccinea 

5*o 

17 

about 28 

Nigella sativa 

57 

above 21 (?) 

,, 28 

lberis amara 

57 



Trifolium repens 

57 

21-25 

below 28 

Zea Mats 

9-0 

21-28 

about 35* 

Sesamum orientale 

*3*o 

25-28 

below 45 


1 I take the figures from the table of curves in De Candolle’s treatise, with the assistance of 
the text. 

9 De Candolle remarks that the seeds of Maize, Melon, and Se^amum become brown, the first 
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When De Candolle’s inferior limits are below 5 0 C., they are most probably correct ; 
his superior limits and temperatures of most rapid growth are, on the other hand, for 
the most part certainly too low. 

More accurate information is afforded by the figures which give the lengths attained 
by roots in equal periods of time at different temperatures, and express therefore the 
rate of the growth of the roots of seedlings at different constant temperatures. These 
numbers increase from the inferior limit to the temperature of most rapid growth, and 
fall again from it to the superior limit. 

In Zta Mats , for example, I found — 


in 2 x 48 hours 

Temperature. 

»rx*c. 

Length attained 

2*5 mi 

.48 

262 

24*5 

48 

33*2 

39 *° 

48 

34 *o 

65*0 

48 

38*2 

25*2 

48 

42'5 

5*9 


Ktippen obtained the following growth in length of roots in periods of forty-eight 
hours : — 


Temperature. 


Lupimts a /bus. 

Pisum sativum. 

. Zta A/a is. 

14*1° c. 


9*1 mtn. 

5’o° mm. 

■ 

180 


1 1*6 

8*3 

i*i mm. 

23*5 


3T*o 

30*0 

10*8 

26*6 


54T 

63*0 

29*6 

28*5 


50*1 

4°*4 

26*5 

30*2 


4 3*8 

38*5 

64*6 

33*5 


142 

3 3 *o 

60*6 

36*5 


12*6 

8’7 

20*7 

The following 

are De 

Vries’ results, also in periods of forty-eight hours: — 

Temperature. 

Cucumu Meto. Sutapit allot. 

l.tpuhum sativum. 

Linum nsifatissimnm. 

15*1° 


3*8 mm. 

5*9 mm. 

1*1 mm. 

21*6 


24*9 

«S 8‘9 

20*5 

27*4 

1 8*2 mm. 62*0 

719 

44*8 

30*6 

2Vl 

44 * r 

44-6 

39*9 

33*9 

38*6 

30*2 

26*9 

28*1 

37*2 

70*3 

10*0 

0*0 

9*2 


The assertion made by Kcippen, in support of which he brings forward an array of 
figures, that similar parts of plants grow at different rates at the same mean temperature, 
whether the mean temperature is constant or whether it varies above and below the 
mean, and further that the rapidity of growth is diminished by the variations of the 
temperature even when the variations take place below the optimum, was inserted in the 
third edition of this book. This assertion, however, has not been confirmed by the care- 
ful observations made in different ways by Pedersen in the laboratory at WUrzburg \ We 
shall see in Sect. 26 that variations of temperature act as stimuli which affect the rapidity 
of growth of many foliage and floral leaves in a remarkable manner. A thorough inves- 
tigation of the subject from this point of view is much to be desired. 

as if burnt at 40° C., a phenomenon which has not been noticed by others. These ‘ burnt 1 seeds 
however germinated afterwards at a lower temperature. 

1 Haben Temporal urschwankungen als solche einen ungiinstigen Einfluss auf dass Wachsthum ? 
Arb. d. bot. Inst, in Wurzburg, Bd. I, 1874. 
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Sect. 20.— Action of Light on Growth in Length 1 . — Heliotropism 2 . 

Since we shall now pay exclusive attention to the questions whether and in what 
way light promotes or retards quantitatively the superficial growth of the cell-wall, 
we may for the time leave entirely out of consideration those cases where it changes 


1 A. P. Dc Candolle, Physiologic vc^getale, Paris 1832, vol. III. p. 1079. — Sachs, Bot. Zeitg. 
1863, Supplement, and 1865, p 117. — Ditto, Experimental-Physiologie, Sect 15. — Hofmeistcr, Lehre 
von der Pflanzenzelle, Sect. 36.— Kraus, Jahrb. fur wissenseh. Bot. vol. VIT. p. 209 et seq.— Batalin, 
Bot. Zeitg. 1871, No. 40. 

a [H. Muller (Thurgau), Ueb. Heliotropism us, Flora, 1876; Wicsner, Die Ileliotropischen 
Erscheinungen, Denkschr. d. k. k. Akad. in Wien, 1878, 1880; Darwin, The Movements of Plants, 
1880. 

A brief account of Wiesner’s conclusions may be found useful ; they are as follows : — 

I. Influence of the Intensity of Light. 

t. The maximum of heliotropic effect is produced by a certain intensity of light: increase or 
decrease of intensity diminishes the heliotropic effect until it is no longer produced. The optimum 
intensity vai ies in different plants. 

2. Tfye upper limit of intensity is cither greater or less than that degree of intensity at which 
the parts of plants in question can grow at all : this depends upon the relative sensitiveness of the 
plants. 

3. Hence it appears that sunlight may absolutely arrest growth : young stems are protected by 
their strong negative geotropism from the action of sunlight. 

4. The degree of intensity at which heliotropism ceases corresponds, doubtless, to the intensity 
at which the plant no longer reacts by growth ; an intensity which affects the plant no more than 
complete darkness. 

II. Influence of Refrangihility . 

1. Not only do the rays of high refrangibilily possess heliotropic power, but those also of lower 
rcfrangihility : it is possessed by all rays from the ultra-red to the ultra-violet except the yellow rays. 

2. The most marked effects are produced by the rays at the junction of the violet and ultra- 
violet : from these to the green the heliotropic effect gradually diminishes ; in the yellow it is zero : 
it recommences in the orange and gradually increases until it attains a second maximum (small) in 
the ultra-red. 

If the parts are not very sensitive, the effect is diminished in each of the colours in proportion 
to their heliotropic power, so that the orange, red, green, ultra-red, blue, etc. become inert in suc- 
cession. 

3. The heliotropic effect is not proportional to the mechanical intensity (thermic power) of 
the rays. 

4. Negatively heliotropic organs exhibit the same phenomena. 

111 . Concomitant action of Heliotropism and Geotropism. 

Jn strongly heliotropic organs, geotropism does not interfere with the exhibition of heliotropism 
provided that the light is intense. 

IV. Presence of Oxygen . 

No heliotropic phenomena occur in the absence of oxygen. 

V. Photomechanical Induction . 

1. Both heliotropism and geotropism are exhibited after the removal of the organ under experi- 
ment from the action of light or of gravity respectively : this effect is an induced effect. 

2. Successive exposures to the action of light or of gravity produce their effects distinctly ; there 
is no summation. 

VI. Relation of Heliotropism to Turgidity . 

In many cases positive heliotropic curvature does not take place in the zone of most rapid 
growth, where the turgidity is greatest, but in a zone below it, where the turgidity is less. 

Etiolated organs become more sensitive to the heliotropic action of light after they have been 
exposed on all sides to diffuse light, probably because the turgidity of the growing cells is thereby 
diminished.] 
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or may possibly change qualitatively the physiological and morphological nature 
of the newly-formed organs. 

The dependence of growth on light has already been spoken of in general terms 
in Sect. 8 ; and it was there especially insisted on that, in order to avoid serious 
misconceptions, this must be distinctly separated from the question of the part 
taken by light in assimilation. Here also we are concerned only with the processes 
of growth itself, since we always start from the point at which the cells or organs 
concerned have already obtained a sufficient quantity, or even excess, of formative 
materials. 

It has been already stated that the various parts of the flower grow as readily 
in permanent darkness as in light. Most internodes, on the contrary, as has been 
explained in Sect. 18, grow more slowly when exposed to light on all sides, and 
remain shorter than when growing in the dark ; when the light reaches them from 
one side only, they curve concavely towards the source of light. Other organs how- 
ever, as root-hairs, tendrils, and some internodes, become longer on the side exposed 
to light than on that left in the dark. We have seen also that the leaves of Ferns 
and Dicotyledons soon cease growing in the dark and remain small. These observ- 
ations show clearly enough that different cells and organs are differently affected 
by light as respects their growth. Since the light itself remains the same and there 
is a supply of formative materials, any explanation of these differences must aim at 
showing how it is that the inherited organisation of the plant in each case is affected 
just in one particular way and no otherwise by the oscillations of the ether. It is 
however at present quite impossible to give such an explanation *, since far too little 
is yet known of the phenomena themselves ; the ascertained facts cannot yet even be 
reduced to a general law, especially in consequence of the obscurity which involves 
the behaviour of leaves (see infra ) and of negatively heliotropic organs under the 
action of light. If these difficulties, which were referred to in Sect. 8, were solved, 
the organs of plants might be divided in respect of their behaviour towards light into 
three kinds : — (1) those the growth of whose cells is in general independent of light; 
as petals, stamens, fruits, and seeds ; (2) those whose growth is retarded by light ; 
the positively heliotropic organs which become abnormally elongated by absence of 
light ; and (3) those whose growth is promoted by light. To this last category 
would belong negatively heliotropic organs if we could be certain that negatively 
heliotropic organs grew more slowly in darkness than in light. The observations of 
Schmitz 1 2 3 on Rhizomorphs show, however, that this is not usually the case, for, 
although they are negatively heliotropic, they grow, like positively heliotropic organs, 
more quickly in darkness than in light. 

The question in what manner light affects the mechanism of the growth of 
the cell-wall can therefore, in the present state of our knowledge, have a definite 

1 If Muller, in the second part of his Botanische Untersuchungen (Heidelberg 1872), gives the 
impression of having achieved this with but little difficulty, this only shows how far he is from a 
true method of investigation. 

a Schmitz, Linnsea, 1843, p. 513. [Similar results have l>een obtained by Muller (Thurgau) 
with the negatively heliotropic roots of Chlorophytum and of Monstera Lennei (Ueb. Ileliotropismus, 
Flora, 1876), and by F. Darwin with those of Stnrtpis alba (Ucb. das Wachsthum negativ helio- 
tropischer Wurzeln, Arb. cl. bot. Inst, in Wurzburg, II, 1880).] 

3 « 



834 MECHANICS OF GROWTH. 

meaning only in reference to positively heliotropic organs ; inasmuch as it is in these 
cases certain that the growth of the cell- wall in the direction of the axis of growth of 
the organ is retarded and limited by light. But even in this case the question cannot 
at present be answered, since several others must first be solved. It must first of 
all be decided whether light acts in this manner on the cell- wall only when its 
plane of incidence is inclined to the axis of growth. A similar problem, as we shall 
see, is presented in the action of gravitation on growth. The various phenomena of 
positive heliotropism allow in fact of the supposition that rays of light which pene* 
trate the cell- wall in a direction parallel to the axis of growth of the organ do not 
hinder growth, while they do so more strongly the more nearly vertical they are to 
it, whether the organ be multicellular or a simple filament. Light therefore acts more 
intensely the more nearly the transverse vibrations of the ether are parallel to the 
surface of the cell-wall. But the solution of these questions would by no means 
explain the action of light on the growth of the cell-wall ; in the first place we must 
know whether light acts directly on the cell-wall, or if the effect is produced by 
means of^the protoplasm, or by chemical changes in the cell-sap. But since we 
know that the cell-w r all only grows so long as it is in contact on the inside w r ith 
living protoplasm, and that the protoplasm itself is set in motion by light, in con- 
sequence of which it accumulates at particular parts of the cell-wall (see Sect. 8) ; 
and since this, like the growth of the cell-wall, is caused by the highly refrangible 
rays- — the hypothesis must not at once be set aside. The question may moreover 
be asked whether light does not influence the growth of the cell-wall by means 
of chemical effects which it brings about in the cell-sap or the protoplasm, which 
however cannot be referred to assimilation, since they take place even in cells 
destitute of chlorophyll, as for instance in the positively heliotropic neck of the 
perithecium of Sordaria fxmiscda, the stipes of Claviceps , and in many roots of seed- 
lings; and since the leaves of Dicotyledons exhibit relations to light {vide infra ) 
which indicate a chemical action on assimilated substances, but not on the process 
of assimilation itself. 

So long as we take into account multicellular organs alone and merely contrast 
green and etiolated plants, great weight might be allowed to the hypothesis of a 
change in the lurgidity caused by light (brought about by some chemical alteration 
in the cell-sap and the consequent change in diosmose 1 ). But the fact that even 
unicellular tubes like those of Vaucheria and the intcrnodal cells of Niiella are 
positively heliotropic, forbids this hypothesis, since in these cases the side exposed 
to light grows more slowly than the other, although all the parts of the cell-wall are 
subject to the same hydrostatic pressure from the sap. 

The examples already given of positive heliotropism in submerged unicellular 
filaments, as well as the heliotropic curvings of multicellular internodes under water, 
show at once that they have nothing to do with a more rapid transpiration in- 
duced by light or its results. 

The suggestion would appear on the contrary to be worth more attention that 
the reason why light retards the superficial growth of positively heliotropic cells 
is because it first of all promotes increase of thickness, and therefore diminishes the 

1 See Dutrochet, M^-moires pour servir, etc., Paris 1837, vol. II. p. 60 et seg. [This question is 
dbcusserl in the following small print.] 
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extensibility of the cell-wall under the influence of the pressure of the sap oil 
the side exposed to the strongest light. This hypothesis would be confirmed by 
Kraus s observations, according to which the cuticularisation of the epidermis as well 
as the thickening of the walls of the cortical and bast-cells is in fact imperfect in 
etiolated internodes, and the extensibility of these cell-walls consequently increased 
by the want of light. This explanation would apply not only in the case of the 
shaded side of a multicellular intemode which curves towards the light, but also 
in that of a Vaucheria-lwbe or internode of Nitella ; since it may be supposed 
that the wall is in the first place more strongly thickened on the side exposed 
to light and hence becomes less extensible, and therefore yields less to the pressure 
of the sap, and, in consequence, grows more slowly. We have at present no 
observations on heliotropic unicellular filaments. 

If it be proved, as the recent researches of WolkofT give ground for believing, 
that the negative heliotropism of organs which contain chlorophyll depends as 
little as that of roots on the stronger power of assimilation possessed by the 
side exposed to the source of light, it must be assumed that all the actions 
which have been mentioned as possible in one direction may take place also in an 
opposite direction ; and this will show the great difficulty of the investigation. 

A complete account of the mode in which growth depends on light is scarcely 
possible at present; what has now been said will call the attention of the reader to the 
most important questions involved in the investigation. It may be desirable however to 
collect some of the more important facts at present known, and to add some critical 
remarks. 

(a) Organs whose growth is retarded by light. To take first the case of those intcr- 
nodcs (including, according to Hofmeister, the unicellular ones of Nitella) which, when 
the light is unequal on the two sides, curve so that the side facing the source of light is 
concave while the other side is convex, or in other words are positively heliotropic. 
These exhibit a periodicity in their longitudinal growth corresponding to the alternation 
of day and night, when the temperature is sufficiently constant. The growth is more 
rapid from evening to morning, and less so from morning to evening. Both these facts 
are consistent with the phenomenon that the same internodcs grow longer, and often 
considerably so, in permanent darkness than they would under normal conditions. 
These three results lead naturally to the conclusion that it is the direct action of light 
(and only in fact of its more refrangible rays, see Sect. 8) which retards the growth of 
these internodcs. In the case also of positively heliotropic roots (as those of 7,ea Mais , 
Lemna , Cucurbita y Pistia , &c.), it may be supposed that if exposed to daylight they 
would exhibit the same alternation as internodes ; but this is not yet fully established. 
Wolkoff has, on the other hand, already shown in the case of some roots, grown in 
water behind a transparent glass plate, that they grow more quickly in permanent 
darkness than under the alternation of day and night. Twelve primary roots of seed- 
lings of Pisum sativum gave, for example, the following results:— 


Day. 

Successive increments. 


In the dark, 

In diffuse lijjht. 

ist 

195 mm. 

161 mm. 

2nd 

239 

153 

3rd 

250 

210 

4 th 

126 

1*3 

5th 

1 1 3 

7 « 

In the 5 days 

923 mm. 

715 mm. 


3 11 2 
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The increments of growth of primary roots of seedlings of Vida Faba were as 
follows : — 


In 5 roots 
1 1 
9 


In Hu* dark. 

as 309 

743 
6 12 


In diffuse light. 

to 272 

612 
4 1 6 


In these cases a tendency of the roots was observed, though not a very decided one, 
to positive heliotropic curvalure. The difference in the rapidity of growth would no 
doubt have been greater if the increments in the same time had been compared during 
the day only. 

The long narrow leaves of many Monocotyledons exhibit the same phenomena as 
internodcs and roots, becoming considerably longer in permanent darkness than under 
normal conditions, and showing positive hcliotropic curvature when the light from the 
two sides is unequal. The plane of curvature may coincide with the plane of the leaf, 
so that one margin may be considerably longer than the other, and the whole leaf there- 
lore unsymmetrical. I have observed this very evidently in a plant of Fritillaria impe - 
rialis grown in a window; those leaves only which sprang exactly from the side of the 
stem exposed to light being symmetrical like those growing in the open air. We have 
at present no observations on the daily periodicity in these leaves caused by light. 

Observation of the broad netted-veined leaves of Dicotyledons is much more difficult. 
From the fact that in the dark they remain smaller, and often very much so, than 
under normal conditions, it might be concluded that their superficial growth presents 
exactly opposite phenomena to those of internodes and the long leaves of Monocoty- 
ledons. But Batalin has shown that it is sufficient to expose etiolated plants now and 
then to light — the time not being long enough for them to become green — for their 
growth in ihe dark to be afterwards considerably promoted. This leads to the suppo- 
sition that light causes in etiolated leaves a chemical change which is not connected with 
assimilation, by which they are enabled to grow further in the dark. In any case this 
phenomenon shows that there is no real contradiction between the growth of these 
leaves and that of internodcs, and that the reason why they become larger under the 
normal conditions of light than in permanent darkness is not because light has a directly 
favourable influence on the growth of the cells of these leaves. The recent experi- 
ments of Prantl 1 rather favour the hypothesis that green — and therefore healthy and 
normal— leaves exhibit the same diurnal periodicity of growth as positively hcliotropic 
internodes. He succeeded, by a number of measurements both in breadth and length 
of the leaves of Cucurbit a Pcpo and Nicotiana Faba cum, taken at intervals of three 
hours, in constructing curves of growth, which, in spite of adverse fluctuations of temper- 
ature, rose from evening to morning, attained a maximum after sunrise, and then fell 
during the day till evening ; exactly what I showed to be the case with positively helio- 
tropic internodcs. If this general law is established, it results that the broad netted- 
veined leaves of Dicotyledons grow more quickly in the dark than in the light, and are 
therefore hindered in their growth by light. But when such leaves remain nevertheless 
smaller in permanent darkness because they cease growing earlier, this must be inter- 
preted as an unhealthy condition depending on the suspension of certain processes of 
metastasis which must precede growth and which are induced by light. In conformity 
with this hypothesis we must suppose that in leaves which unfold under the alternate 
influence of day and night, growth is directly hindered by light; but that at the same 


1 Arbeit, ties bot. Inst, in Wurzburg, Vol. I, p 382. [See also Steblcr, Ueb. Blattwachsthum, 
Jahrb. f. wiss. Bot. XI, 1877. From his observations Stebler draws the erroneous conclusion that 
light promotes the growth of leaves (of Monocotyledons). For a criticism and further observations 
see Vines, The Influence of Light upon the Growth of Leaves, Arb. d. bot. Inst, in Wurzburg, II, 
1S 7 S ] 
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time certain chemical changes take place which in general make growth possible, aiftl 
enable it to continue in the succeeding darkness, if it does not last too long. That this 
has nothing to do with assimilation is shown by Batalin’s experiments with leaves 
destitute of chlorophyll. 

If we now enquire what are the mechanical changes which light causes in the organs 
we have been considering, and by which their growth is retarded, it is to be regretted 
that no attempt has yet been made to study them in unicellular organs which exhibit 
positive heliotropism, as Vaueheria- tubes and internodes of Nitella , since they present 
the most simple case from a mechanical point of view. In the case of the internodes 
of Phanerogams which consist of tense layers of tissue, Kraus found in the etiolated 
state a smaller tension between the medullary and cortical layers, and that the cell- 
walls of the layers of tissue placed in a state of passive tension by the pith were less 
thickened, lignified, and cuticularised. It follows that these last are more extensible than 
in the normal internode, and therefore offer less resistance to the tendency of the pith 
to elongate. If we suppose that in unicellular tubes light also increases the cuticularisation 
and thickening of the cell-wall, the wall will offer greater resistance to the pressure of the 
cell-sap, will become less stretched, and will therefore grow more slowly \ 

But little can be inferred as to the mechanical influence of light on growth from the 
changes in the tension of the tissues on the convex and concave sides of internodes with 
positive heliotropic curvature. If such an internode is split lengthwise so that the side 
exposed to light is separated from the other side, the former becomes more concave, 
while the latter becomes less convex or even somewhat concave towards the shaded side. 
In other words, the tension between the outer and inner layers is greater on the concave 
side exposed to light than on the convex shaded side. But the same phenomenon 
occurs also in internodes with an upward geotropic curvature, and with negatively 
heliotropic internodcs, as well as with twining tendrils; and could not in fact be 
otherwise. 

(b) Of Negatively heliotropic organs 2 only a comparatively small number are at present 
known. Among those which contain chlorophyll may be named the hypocotyledonary 
portion of the stem of the seedling of the Mistletoe, the older nearly mature internodes 
of the Ivy and Tropceo/um majus , and the basal portions of the tendrils of the Vine, Vir- 
ginian Creeper, and Btgnonia capreolata . 1 pass over at present the doubtful negative 


1 [With reference to the action of light upon growth, it is now universally admitted that the 
effects either of retardation or of curvature which it produces are the expression of modification of 
the turgidity of the growing cells. Three suggestions have been made as to the way in which this 
modification is brought about ; (1) by a change in the elasticity of the cell-wall, (2) by a change in 
the osmotic properties of the cell-sap, (3) by a change in the permeability of the protoplasm. Some 
evidence in favour of the first of these is given above in the text, and it is further supported by 
rfcffer (Physiologic, II. 145, 1881) and by Wiesner (Ileliotropische Erscheinungen, 11 . p. 5). De 
Vries states (inneie Vorgauge bei den Wachsthumskriimmungen) that ' external and internal causes 
produce curvatures in growing multicellular organs because they promote the formation, in the cells 
of 011c side of the organ, of substances which are osmotically active.’ For the arguments in favour 
of the third suggestion see Vines, The Influence of Light on the Growth of Unicellular Organs, Arb. 
d. bol. Inst, in Wurzburg, II, 1878. 

It is impossible to enter here upon a detailed criticism of these various views. The following 
remarks must suffice. With reference to No. t, it is difficult t6 understand how it can be satisfac- 
torily applied to explain the action of light upon unicellular organs, seeing that the effects arc so 
rapidly produced, nor is it clear how both positive and negative heliotropism can be explained by 
means of it. No. 2 clearly cannot account for positive and negative heliotropism in the case of 
unicellular organs, and its application to the cast 1 of multicellular organs is not obvious. As to No 3, 
we know at least that light does act upon the protoplasm of zoogonidia, chlorophyll-granules, etc., 
and there seems to l>e no reason why it should not act directly upon that of growing cells.] 

a Knight, Phil. Trans. 1812, p. 314. — Dutrochct, Memoires, &c., vol. II. p. 6 et sey — Duiand 
and Payer’s statements. — Compare Sachs, Kxper.-rhys., p. 41. 
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* heliotropism, as I think, of the thallus of Marchantia and the prothallia of Ferns, as 
well as of other decidedly bilateral organs. Among organs which are not green must be 
especially mentioned the negatively heliotropic aerial roots ot Aroideae and epidendral 
Orchids 1 ; but, beyond all others, the roots of Chlorophytum guayanum , which are ex- 
tremely sensitive to light coming from one side. Negative heliotropism has, in addition, 
been stated to occur in the roots of seedlings of Cichoriaceac, Crucifer®, &c., and has 
recently been certainly determined by W oik oil' in the case of Brassica Napus and Stnapis 
a/ha. Among unicellular organs destitute of chlorophyll the only ones known at present 
with certainty to be negatively heliotropic are the root-hairs of Marchantia (Pfeflfcr). 

The observation that a number of organs destitute of chlorophyll and endowed with 
negative heliotropism, and in particular the highly sensitive roots of Chlorophytum , are 
very transparent, led Wolkoff to the hypothesis that the rays of light may be retracted 
by their cylindrico-eonical shape, so as to produce a more intense illumination of the 
tissue on the side removed from the source of light than on that exposed to it ; and that 
therefore the concave curvature on the former side is in fact a form of positive helio- 
tropism. The apices of roots, when separated by a transverse section, if illuminated 
from one side and viewed from above, exhibit exactly the optical conditions which are 
assumed by this hypothesis. It must however not be forgotten that the apices of roots 
which ar# by no means negatively but at an earlier period even positively heliotropic, 
like those of Vicia Faha, manifest the same phenomenon, though perhaps to a lesser 
degree. Whether, on the other hand, it is possible to suppose a similar refraction of 
light in the case of the very thin-walled negatively hcliotropic root-hairs of Marchantia , 
is still in doubt. Further researches must show whether Wolkoff’s suggestion is tenable 
or not. The Rhizomorphs would probably afford good material for observations on 
this subject, since, according to the researches of Schmitz, they are distinctly negatively 
heliotropic, and yet they grow more slowly in light than in darkness. 

In the cases of the older internodes of the Ivy, which are only very slightly trans- 
parent, the older and lower parts of tendrils, &c., the existence of an active focal line 
on the shaded side cannot be admitted, because this would evidently imply that it 
included more intense blue and violet light than, from the fact that the tissue which is 
penetrated by the light contains chlorophyll, it is probable it does. The negatively 
heliotropic curvature takes place however, at least in the Ivy as well as in the roots of 
Chlorophytum , only in highly refrangible light (after passing through an ammoniacal 
solution of copper oxide), not in yellow light (which has passed through potassium 
bichromate). If, as Wolkoff at one time supposed, the more vigorous nourishment, 
i. e. accumulation of assimilated substances, were the cause of the more rapid growth 
on the side exposed to light in this class of negatively heliotropic organs, they ought to 
curve much more strongly in the less refrangible (red, orange, or yellow) than in the 
more refrangible rays. This hypothesis would moreover fail to explain why the same 
intemodes which when young showed decided positive heliotropism, at a later period 
when their growth has almost ceased manifest the opposite behaviour towards light. 

The experiments which Wolkoff is now (1873) carrying on in the botanical laboratory 
at Wiirzburg, and which arc not yet completed, lead at present to the conclusion that 
there are two kinds of negatively hcliotropic organs. In one kind are included roots, in 
which the negatively heliotropic curvature takes place near the apex at the spot where 
growth is most rapid ; to the other kind belong internodes where the negatively helio- 
tropic curvature takes place only at the older parts whose growth is completed, while 
the young quickly-growing parts manifest positive heliotropism. In these latter cases 
the additional peculiarity occurs that the older parts, after being exposed to light on 
one side, will continue for some time to curve in the dark so that the side previously 
exposed to light becomes still more convex. This is a property which appears to be 
wanting in organs of the first kind as well as in those that are positively heliotropic. 


According to a great number of observations of my own and statements of others. 
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It is evident that we are here confronted with an unsolved problem ; and \vh?n all 
the facts have been taken into consideration, the theory that there are two kinds of 
cells, the growth of one of which (positively heliotropic) is retarded by light, whilst 
that of the other kind (negatively heliotropic) is promoted by it, may be the simplest 
and most in accordance with facts. 7 'his difference is the less remarkable since in the 
behaviour of growing cells with respect to gravitation we find a precisely similar differ- 
ence, but much more strongly marked \ 

Sect. 21. — Action of Gravitation on Growth in Length: — Geotropism 1 2 3 * * * . 

It has already been shown in Sect. 10 that, when the access of light is equal on all 
sides or when heliotropism is prevented by the exclusion of light, gravitation is the 
cause of certain organs turning downwards, others upwards, and others again in 
a direction oblique to the horizon. At present we shall speak only of those which 
take a direction directly upwards or downwards, since other causes co-operate to 
bring about an oblique growth. 

Just as organs, according to their internal nature, grow either more rapidly or 
less rapidly on the side which faces the source of light than on the other side, so also 
gravitation effects, in accordance with the nature of the organs, either an acceleration 
or a retardation of growth on the side which faces the earth. Those organs vhich 
arc thus retarded in their growth are called positively geotropic , those which are 
accelerated negatively geotropic organs.' Positively geotropic organs consequently 
become conoave on the under side, and direct their growing apex downwards if 
their axis of growth is brought into a horizontal or oblique direction ; negatively 
geotropic organs, on the contrary, become convex on the under side under similar 
conditions, and elevate their growing apex until it stands erect. 

It has not yet been ascertained whether positively geotropic organs would mani- 
fest a different rapidity of growth if entirely withdrawn from the influence of gravi- 
tation (like positively heliotropic organs when withdrawn from the influence of light) 
from that displayed when gravitation acts in a direction parallel to the axis of 
growth 8 . It would seem however as if gravitation only affected the rapidity of 


1 Sdunitz, Linncca, 1843, p. 513 el seq. If, as can scarcely be doubted, Schmitz’s statements 
with regard to Rhizomorphs are confirmed, it icsults that no certain inference can be drawn as to 
the positive heliotropism of an organ from the fact that its growth is more rapid in the dark. We 
could scarcely have a better pioof of the necessity for a fresh and more accurate investigation of all 
the phenomena of heliotropism. [Schmitz’s observations have been confirmed, in other cases, by 
Muller and F. Darwin (see ante). ] 

a Knight, Phil. Trans. 1806, vol. I. pp. 99-108. — Johnson, Edinburgh Phil. Journ. 1R28, p. 312. 
— Dutrochet, Ann des Sci. Nat. 1833, p. 413. — Wigaiul, Rolan. Untcrsuch. Braunschweig 1854, 
p. 133. — Ilofmeistcr, Jahrb. fur wissensch Bot vol. 111. p. 77. — Ditlo, Bot. Zeitg. i8f»8, Nos. 16, 17, 
and 1869, Nos. 3 6. — Frank, Beitiage zur Pflanzen-Phys. Leipzig 1868, p. 1. Muller, Bot. Zeitg. 
1869 and 1871.-- Spcscheneflf, Bot. Zeitg. 1870, p. 65. — Ciesielski, Untcrsuch. uber die Abwails- 
kiiimmung dcr Wurzeln, Breslau 1871. — Sachs, Arbeit, des hot' Inst, in Wurzburg 1872, Heft 2. 
Abh. 4 and 5. — Ditto, Kxper.-Phys., p. 505. — Ditto, Flora, 1873, No. 21. [Darwin (Movements of 
Plants) terms what are here termed positi\e and negative geotropism, ‘geotropism’ and ‘apogeo- 
tropism ’ respectively. He considers that both positive and negative geotropism arc modified forms 
of circuninutation (see infra). ] 

3 [Elfving has found (Beit. z. Kennt. d. physiol. Einwirkung der Schwerkraft, Helsingfors 1880) 

that when the sporangiophorcs of Pkycomyces , which are negatively geotropic, are grown in an inverted 

position, their growth is not so rapid as it is under ordinary conditions ; that is, that they g ow less 

rapidly in the direction of the action of gravity than in the opposite direction.] 
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growth when its direction cuts that of the axis of growth at an angle, and the more 
so the nearer the angle approaches a right angle. 

The positive or negative character of geotropism depends as little as that of 
heliotropism on the morphological nature of the organ. Not only, for example, are 
all the primary roots of the seedlings of Phanerogams positively geotropic, and most 
secondary roots which spring from underground stems, as tubers, bulbs, or rhizomes; 
but also many leafy lateral shoots, especially those which are destined to produce 
rhizomes or to form new bulbs (e.g. Tulipa , Physalis , Polygonum , &c.), and even 
foliar structures, like the cotyledonary sheaths of Allium , Phoenix , and many other 
Monocotyledons. Among positively geotropic organs must also be included the 
lamellae and tubes of the hytnenium of Hymenomycetous Fungi. All axes which grow 
upright (and are not bilateral), petioles, and the stipites of many Hymenomycetous 
Fungi, exhibit, on the other hand, decidedly negative geotropism. 

The geotropism, like the heliotropism, of different organs varies in all degrees. 
It is, for example, manifested very strongly in the primary roots and upright 
primary stems of seedlings; much less strongly in the secondary roots and in 
lateral branches of erect stems, &c. It appears to be the general rule that when 
lateral shoots of the same kind spring from a vertical and therefore decidedly 
geotropic organ, the branches of the first order arc less geotropic, and the further 
ramifications still less so the higher the order to which they belong ; the exceptions 
to this rule may be caused by special circumstances. This gradation isfvery obvious 
in roots. From the primary root or a strong root springing from the stem with 
well-marked positive geotropism, proceed secondary roots of the first order which 
exhibit the phenomenon much less decidedly; and from these again secondary roots 
of the second order which apparently are not at all geotropic, and therefore grow in all 
directions as they may chance to originate. Geotropism, like heliotropism, does not 
depend on the organ containing or not containing chlorophyll, nor on whether it 
consists of masses of tissue or of a simple row of cells or of a single cell. To this 
last category belong, for example, the positively geotropic radical hyphee of the Mu- 
corini and the negatively geotropic sporangiophores of the same family and of 
numerous other Mould-fungi. In the same manner the rhizoids of Chara display 
positive, the stems negative geotropism, both consisting of unicellular segments, the 
former destitute of chlorophyll, the latter green. Whether and how strongly an 
organ is positively or negatively heliotropic or gcotropic depends altogether on its 
importance in the economy of the plant, and hence on its physiological functions. 

From the remarkable fact that there are organs endowed with positive and 
negative heliotropism and geotropism, and from many similarities exhibited by the 
two phenomena, the question presents itself whether all positively heliotropic organs 
must not possess one description of geotropism either positive or negative, or vice 
versa ; in other words, whether the two properties do not stand in some definite 
relation to one another. This does not however appear to be the case. Of primary 
roots, all of which are positively gcotropic, some display positive, others negative 
heliotropism ; and again, the aerial roots of Chlorophylum } Aroidese, and Orchideai 
display very distinct negative heliotropism, but are scarcely at all geotropic. According 
to Schmitz the same is the case with the Rhizomorphs. There appears therefore to 
be no necessary connection between the two phenomena. 
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It is clear that organs which are both heliotropic and gcotropic, and on which, 
since they lie obliquely to the horizon, the light falls from above or from below, are 
subject to changes in their growth dependent both on light and on gravitation. 
Thus, for example, the bending upwards of a branch placed horizontally on which 
the light falls from above may be caused at the same time by positive heliotropism 
and by negative geotropism. An erect stem, on the other hand, which turns helio- 
tropically towards a source of light at the side and thus makes a curvature which is 
concave below, will have a tendency to become erect in consequence of its negative 
geotropism, and would do so if the light falling on it were removed. Stems there- 
fore which in the evening were bent by positive heliotropism, will stand upright in 
the morning. These considerations are evidently of the first importance in making 
observations on the two phenomena. 

We have already seen that no clear idea has yet been obtained of the mode in 
which light acts in influencing the growth of heliotropic organs. As little are we at 
present in a condition to affirm how the acceleration or retardation of the growth of the 
cell-walls results from the action of gravitation 1 . The hypotheses and considerations 
there stated may be repeated here mutatis mutandis . Particular stress must be laid 
on the fact that movements are induced in protoplasm by the action of gravitation 
just as by the action of light. Thus Rosanoff showed 2 3 that the plasmodia of jfttha- 
lium scpticum are negatively geotropic, creeping, under the influence of gravitation, 
over steep moist walls, and turning, under the action of centrifugal force, towards 
the centre of rotation ; they take therefore those directions which would be 
least expected from their apparently fluid condition. The question suggests itself 
whether there is not also protoplasm which behaves in this respect in an exactly 
opposite manner ; and from the dependence of the growth of the cell-wall on the 
activity and probably also on the disposition of the protoplasm in the cell, the hypo- 
thesis must not be altogether set aside that all gcotropic phenomena are in the first 
place caused by the protoplasm taking up definite positions in the cells under the 
influence of gravitation, and thus accelerating or retarding the growth of the cell-walls 
on the under sides. Since nothing is known on this subject, we must direct our 
attention solely to the growth of the cell-w T alls, leaving it undecided whether the effect 
of gravitation be direct or indirect. 

In order to state clearly the problem how gravitation acts on the growth of the 
cell-wall *, wc may consider as the simplest example a unicellular filament, such as we 
find in Vauclicr ia , the posterior end of which developes as a positively gcotropic 
root, the anterior end as a negatively gcotropic stem. Fig. 482 A may represent this, 
assuming that the whole filament grew' at first in a vertical direction either upwards or 
downwards, but was then placed in a horizontal position, as shown by the light out- 
lines S and W. After some time the radical end would show a downward curvature, 

1 [See note on p. 837.] 

2 RosanofT, De l'influence detraction terrestre sur la direction des plasmodia des Myxomyci-tcs 
(Memoires de la Societe imp^riale des sciences de Cherbourg, vol. XIV). [According to Strasburger 
(Wirk. des Lichts und dcr Wiirme auf Schwiirmsporen, Jenaisch. Zeitschr., XII, 1S78) this apparent 
negative geotropism of the plasmodia is due simply to the fact that they tended to (ravel against the 
direction of the stream of water by which they were kept moist during the experiments.] 

3 Duchartre’s asseitions on geotropism in his Observations sur le retournement des Champignons 
(Compt. rend. 1870, vol. LXX. p. 781) show that he has not clearly comprehended the question. 
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like IF', the part S on the contrary the upward curvature, as S'. It is self-evident 
that each of these curvatures can only result from the growth, equal on all sides 
when the organ is erect, having now become unequal on the upper and under sides, 
the convex growing in both cases more quickly' than the concave side. 

If we now apply the results of my ' experiments on internodes and nodes of 
Grasses which curve upwards to the simple tube, the growth is found to be more 
rapid on the convex under side, less rapid on the upper side of the upwardly curved 
part, than when it grew erect. It may be assumed, from Ciesielski’s measurements of 
roots, that when the filament curves downwards the growth has been more rapid on 
the convex upper side, less rapid on the concave under side, than if the curved part 
had grown onwards in a vertical direction. In other words, when the filament is 
placed in a horizontal position the growth is accelerated on the upper side of the 
positively geotropic part and on the under side of the negatively geotropic part, but 
always retarded on the opposite sides. 

If therefore we assume that in Fig. 482 B the two side walls of a transverse disc 
of the part S of the filament when in an upright position had lengthened in a definite 
time to the' equal lengths 00 and uu, it would have remained straight ; but if the 



tube had been placed horizontally during this time, the lower side would have attained 
the greater length u //, the upper side the shorter length 0 o\ and the piece must in 
consequence become curved. Exactly the opposite would be observed, as shown in 
Fig. 482 C , if the growing piece belonged to the part IF of the filament. 

If now the unicellular filament A were supposed divided by transverse and lon- 
gitudinal divisions into a tissue consisting of a number of layers of cells ; or if, what 
amounts to the same thing, a stem of a seedling were supposed to be substituted for 
the part S of the filament, and a root for the part IF, the same phenomena would 
occur, as experiments have shown, in every cell of the growing part, as those pre- 
viously observed in the filament. In the part S every cell would grow more rapidly 
on the under side, less rapidly on the upper side than if the part were upright, the 
reverse in the part IF. We should find that in S both the upper and under sides of 
any cell (/. e . upper and under in relation to the radius of the earth) arc longer than 
those of the cells situated above it, the reverse in IF; in other words, that every indi- 
vidual cell of a part which shows geotropic curvature behaves in the same way as if 
the part previously straight were held firmly by the two ends and then bent. This 
will be made clearer to the student if in the portion of th; curved part included in 
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A lines are drawn parallel both to the straight and the curved outlines, and the septa 
of the cells are then indicated in the straight piece simply by parallel lines crossing 
the first at right angles, in the curved part by lines corresponding to the radii of 
curvature. The cells exposed by longitudinal sections through nodes of Grasses 
and roots endowed with geotropic curvature exhibit this phenomenon, although 
with many irregularities. 

Now that the facts connected with the geotropism of the cell-wall have thus 
been made clear, we may proceed to the question, why or by what effect of gravita- 
tion these differences are occasioned in the growth on the upper and under sides of 
every cell of a. geotropic organ when placed in a horizontal position. We have 
at present however no answer to this question, any more than in the case of helio- 
tropism, the same diagram availing, mutatis mutandis , for the two phenomena. 

The view brought forward by Hofmeistcr, and for some time adopted by me, 
that positive geotropism occurs only in those organs and in those parts of organs 
in which there is no tension in the tissues, while the organs in which there is strong 
tension arc negatively geotropic, rested on imperfect induction. On the one hand, 
the parts of the roots of seedlings which curve downwards (as I have shown else- 
where) are not entirely without tension between the cortex and the axial flbro- 
vascular cylinder ; while, on the other hand, in the nodes of Grasses, although they 
display a high degree of negative geotropism, there is no or very little such tension. 
Even in the negatively geotropic contractile organs of the petioles of Phaseolus 1 the 
tension between the cortex and the axial bundle is of a similar character to that 
which occurs in positively geotropic roots, but extremely intense. If therefore the 
tension of tissues and the alteration effected in it by the influence of gravitation 
cannot be considered as the cause of the upward curvature, it may still be admitted 
that it is useful to upright organs by increasing their rigidity and elasticity, thus 
making them more readily assume the erect position ; while this would be quite 
unnecessary in those that grow downwards. 

A good illustration of the part played by rigidity and elasticity in producing the 
erect position of negatively geotropic organs is afforded by the pendent pedicels of 
many flowers and flower-buds, in which the tendency to curve upwards is altogether 
obscured, the weight of the flower being sufficient to bend the pedicel downwards. 
If in such cases the flower-buds are cut off, the pedicel becomes erect 1 2 * * from the 
stronger growth of the under side, as e.g. in Clematis integrifolia , Papavcr pilosuni 
and dubium , Grim rivale , and Anemone pratensis. The tension in the tissue of such 
pedicels is not sufficient to give them the rigidity needful to overcome the weight 
of the flower by their geotropic curvature upwards ; this weight, on the contrary, 
overcomes the tendency of the pedicel to curve convexly on the lower side, which 
tendency comes into play when the weight is removed. The same is the case in very 
long but not very rigid shoots, as those of the Weeping Willow, Weeping Ash, &c. 

If a number of organs grow in a horizontaPor oblique direction without curving 
either upwards or downwards, this may result from their not being geotropic 8 and 

1 Sachs, Experimental-Physiologic, p. 105. 

* See De Vries, in Arbeiten des Bot. Inst. Wurzburg, Heft II. p. 229. 

s [Elfving (Ueb. einige hori/ontal-wachsende Rhizome, Arb. d. bot. Inst, in Wurzburg, TT 3, 

1880) has found that the rhizomes of certain plants ( Ileliochari 4 pitlu&tris, Sparganium ramosum, Scirpus 
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growing straight forward in the direction of their first origin, just as rootlets of a 
high order grow downwards from the under side of their parent root, upwards from 
the upper side, horizontally from the vertical sides, or continue to grow straight and 
oblique according to the direction of the primary root. To this must be referred, 
among other phenomena, the striking one described by me that plants which grow in 
uniformly moist soil emit a large number of fine roots out of it with their apices pointing 
upwards ; these arc rootlets of the first or second order which spring from the upper 
side of horizontal or oblique parent roots and grow straight upwards without being 
geotropic. If the air is able to enter the ground freely, its surface is often dry, and 
the fine roots which arc directed upwards die off, as I have ascertained by growing 
plants in glass vessels filled with earth. 



1 U„ 4K 5 — Apparatus tn illustrate ihr mo«I<* in whir h the jyentrnpism nf the rr ots h 1 k *v oT seedlings // i*» overcome 

when they come into relation with a moist surface (hydrotropism). 


But even gcotropic organs may grow obliquely or horizontally when other 
causes oppose or counterbalance their gcotropism. One of the most common of 
these causes is the bilateral organisation which makes an organ grow more strongly 
on one side from internal causes. Since I shall recur to this subject in the next 
section, only a single example need be given here. In the case of seedlings, rootlets 
of the first order not unfrequently«appear above the surface of the soil obliquely 
when it is uniformly moist ; and I have convinced myself that this is the result in 
cases which have been observed (e. Vida Fabci) of a stronger growth of their lower 
side altogether independent of geotropism, in consequence of which they always 

maritimus), which are not bilaterally organised, tend to maintain a horizontal direction of growth; 
they arc therefore not geotropic.] 
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grow in a flat curve concave upwards. But external causes may also act in oppo- 
sition to geotropism even when this is very strongly developed. Thus Knight and 
Johnson have shown, as I have recently described more in detail, that primary roots 
with strong positive geotropism, as well as secondary rootlets, when growing in 
moderately damp air, deviate from their vertical or oblique direction when there is a 
moist surface near them 1 2 . Under these circumstances a curvature concave to the 
moist surface takes place at the region below the apex where there would otherwise 
be a downward curvature, the apex being by this means conducted towards the moist 
surface so that it may penetrate into the moister soil or grow in contact with it. 
The apparatus represented in Fig. 483 is well adapted to exhibit this phenomenon. 
It consists of a zinc frame a a covered below with wide-meshed network, thus form- 
ing a sieve hanging obliquely and filled with moist sawdust //. The seeds ggg 
germinate in the sawdust, their roots penetrating at first vertically downwards into it. 
When the apex of a root escapes through the network into air, which is not too 
dry, it turns towards the moister surface h~m, its geotropism being thus evidently 
overcome. 

The foregoing account is intended to give the reader a general idea of the various 
debatable points which are especially to be remembered in the study of Geotropism 
and to which frequent reference is made in the literature of the subject. Until recently 
there were no complete observations or measurements of the growth which necessarily 
accompanies geotropic curvature, or as to the true form of the curvature and its 
relation to time and other conditions, which might give some due as to the nature 
of the internal changes which effect externally the upward or downward curvature. 
1 have endeavoured to supply these in the papers mentioned at the beginning of this 
section. The observations were made upon oigans of which the geotropism was well- 
marked, such as erect growing stems, the nodes of grass-haulms, and downward-growing 
tap-roots. 

r. Tfje upward curvature of stems which normally grow erect' 1 . My observations were 
made for the most part on the thick, firm, long internodes of scapes which attain a con- 
siderable height in a short time, the smooth surface of which can be marked with 
Indian ink and allows of accurate measurement of the portions thus indicated. The 
measurements of straight shoots as well as of the convex and concave sides of curved 
ones were made by means of flexible measures of stout paper upon which the scale 
was printed. 

In order to be in a position to form an opinion as to the phenomena connected with 
the upward curvature of stems or internodes placed horizontally, the distribution of 
growth in these organs must first be understood. A general account of this was given 
in Sect. 17. At first the whole internode, or a shoot consisting of several internodes, 
is undergoing elongation. At a later period growth ceases at the base of the shoot, and 
only a certain number of internodes lying below the terminal bud (this bud is not 
taken into consideration here) constitute the region of the shoot which is growing and 
which is capable of making a geotropic curvature. In the case of single internodes, 
the region in which growth is to continue may lie near either to the base or to the 
apex; apical growth is the usual, basal growth the more uncommon case. It is remark- 
able that similar internodcs of closely allied plants behave differently in this respect : 
thus in the scapes of Allium atropurpureum there is apical growth, whereas in that of 


1 [This exhibition of sensitiveness to moisture has been leimed ‘ Hydrotropism.’ (See Darwin, 
Movements of Plants, p. i8o).J 

2 Sachs, Flora, 1873, No. 21. 
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Allium Porrurn and of Allium Cepa the growth is basal. The position and the form 
of the geotropic curvature is therefore different in the two cases. 

The length of the growing region, when fully developed parts already exist, is 
greatest at a certain time, after which it diminishes as the stem gradually approaches 
its complete development, and finally disappears. The following measurements were 
made whilst growth was still active and the growing region of considerable extent. 
The length of the growing region behind the bud was in 


Fritillaria imperialis 

7-9 ctm. \ 


Allium Porrurn 

about 40 

» \ 

in one internode 

Allium Cepa 

30 

” \ 

of the scape. 

Alihan atropurpureum 

50 

„ ) 


Cepbalaria procera 

35 


(3 internodes). 

Polygonum Sieboldi 

15 


(4-5 internodes). 

Asparagus asper 

20 


(numerous internodes). 

Valeriana Pbu 

25 


(4 internodcs). 

Dip sac us Ful lonum 

40 


(3-4 internodes). 


The measurement of portions of equal length (of one or of five ctm.) shows that 
the growth of each such portion is greater the more distant the portion measured is 
from the terminal bud, or, in the case of basal growth, from the base. At a certain 
distance from the apex (or the base) the maximum occurs; beyond this distance the 
growth of each portion diminishes until it altogether ceases at the limit of the growing 
region. The form of the geotropic curvature and its modifications essentially depend 
upon these conditions. In these particulars stems which consist of numerous internodes 
but without well-defined nodes (Asparagus) resemble long single internodes, such as 
the scapes of the various species of Alihan . If however the stem is distinctly articulate, 
a curve of fractional growth may be obtained from each internode, which rises as we 
pass from its lower end until a maximum is reached, and then sinks as we pass towards 
its upper end. The node itself ceases to grow in length at an early period. As the 
result of this, the geotropic curvature of the whole stem is interrupted at the nodes, 
and the quickly-growing central portions of the internodes describe sharper curves. 
With the exception of this peculiarity, an articulate stem behaves generally in the 
manner above described with reference to a long scape consisting of a single internode. 
Finally, it is to be noted that each transverse zone of a growing stem grows at first 
slowly, then more rapidly until a maximum rapidity is attained, and then more slowly 
until growth ceases altogether. This also determines the form of the geotropic 
curvature. 

Those portions of a stem which have ceased to grow and which are incapable of 
renewed growth in consequence of a change of position (see what is said below about 
the nodes of the haulms of Grasses) will not assume an erect position when placed 
horizontally or obliquely. Only those portions of a stem laid horizontally or obliquely 
take part in the assumption of an erect position which are growing (as in the down- 
ward curvature of the root), and this in proportion to the phase of their growth, their 
thickness, rigidity, etc. This curvature is a consequence of a modification of the growth 
in length of the stem produced by its abnormal position, of such a nature that the 
growth of the under side is more rapid and that of the upper side less rapid than that 
of the stem in the erect position. In quickly-growing parts the upper side evidently 
increases in length when the geotropic curvature is taking place, but in older more 
slowly growing parts the length of the upper side does not increase, and it may even 
become a little shorter if the curvature is very sharp, whilst the lower side elongates 
considerably. These statements can be easily verified by direct measurement of thick 
firm stems before and after the curvature has taken place. It is obvious that the 
convex side of a curved stein must be longer than the concave, but the question as 
to whether or not the growth of the concave side is slower and that of the convex 
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side more rapid than is the case when both these parts are in the normal erect 
position, is answered in the affirmative not only by the direct measurement just men- 
tioned, but also by some previous results which I obtained in another way, namely, by 
taking a number of similar shoots, splitting up some of them at once into strips of 
tissue which were measured, and by splitting up and measuring the others in the same 
way after continued growth, some in a vertical, some in a horizontal direction, finally 
comparing these measurements with each other 1 . It became apparent in all cases 
that of any two similar strips of tissue, the one belonging to the lower convex side had 
grown more rapidly, the one belonging to the upper concave side less rapidly than 
the corresponding strips of tissue in an erect shoot within the same time. As a con- 
sequence of this, the difference in length between the cortex and the pith belonging 
to the upper (concave) half of the upwardly curved shoot is increased, and that 
between the cortex and pith of the lower (convex) half is diminished, so that the 
upward curvature causes an increase of the tension between the tissues of the upper 
half and a diminution of the tension between those of the lower half. This may be 
illustrated by the following example. Twelve pieces of stem of Sida napeea cut off 
above and below, the leaves having been removed, each consisting of six or seven 
internodes and 300 mm. in length, were taken : of these, four were at once split up 
into strips of tissue, four were laid horizontally in damp sand in a box, and four were 
placed nearly erect upon moist sand in a cylinder. The two following tables give 
the mean measurements of the strips of tissue belonging to four pieces of stem : — 


Lengths of the strips of tissue in Millimetres. 

At the commencement. 

((-.rowing end,) 

Concave cortex 298*0 

„ pith 308*8 

Convex pith 308*8 

„ cortex 298*0 


A (tar 20 hours. 

urveri upwards ) (Standing obliquely ) 


310*5 
337’5 
3 * 1 2 '9 
328*2 


Differences of the lengths of Pith and Cortex. 
Of the concave side io*8 27*0 


io*8 


14*7 


318*8 

34 r ’5 
342*0 
319-6 


22-7 

22*4 


Increments of length in 20 houis. 



C urved upwards. 

Standing obliquely. 

Of the concave cortex 

12*5 

20*8 

» » P'th 

28*7 

327 

„ convex pith 

34*1 

33*2 

„ „ cortex 

30*2 

21*6 


If a shoot which has lain for some time — 2 hours) in a horizontal position and 
has begun to show the first traces of an upward curvature be placed vertically, or be 
moved so that the plane of curvature becomes horizontal, the commencing curvature 
increases; hence it appears that the action of gravitation has a persistent effect which 
may continue as long as three hours, and may produce considerable curvature. In the 
second of the two cases the curvature lies in a horizontal plane, and simultaneously 
with its increase an elevation of the free apex occurs in consequence of the geotropism 
induced by the new position. The persistent effect manifests itself even when the 
shoot is strongly curved upwards. 

My observations afford the following information as to the form of the curvature 
of a shoot which is assuming the erect position under the action of gravity. 

On experimental as well as on theoretical grounds it appears that the curvature 
{with a few exceptions) is not and cannot be a segment of a circle; this is only the 


Sachs, Arb. d. hot. Inst. Wurzburg, 1872, Heft II. p. T94. 
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case where the curvature is greatest, that is where its radius is smallest ; above and 
below this the curvature is less, and therefore the radii are larger. 

It appears also that from the commencement to the termination of the process the 
form of the curvature is always altering, the maximum of curvature being attained by 
parts which were at first not c urved at all or only slightly so, and parts which were pre- 
viously strongly curved becoming straight. 

The following paragraphs serve to explain the foregoing. We assume, for the sake 
of simplicity (excluding other possible cases), that the horizontally-placed shoot is 
rooted, or that its base which has ceased to grow (and which can absorb water) is 
fixed, whilst its apex can move freely. To make it more intelligible, let us consider 
the whole growing region, the region, that is, which takes part in the upward curva- 
ture, as divided into three parts, an apical, a middle, and a basal portion, which we 
may assume to be of equal lengths. 

Since the form of the curvature of the whole curved portion is determined by the 
degree of curvature of each transverse zone, it is essential to know upon what 
conditions the curvature of each zone depends. The following arc the determining 
conditions : — 

1. The rate of growth. 

2. The thickness. 

j. The deviation from the vertical. 

4. The time during which any zone lies in any given direction inclined to 

the vertical. 

5. The persistent effect. 

6 . The rigidity and elasticity. 

The curvature is greater, ceteris parihiu , in any given short period of time, the more 
rapid the rate of growth in length, and the more nearly the deviation from the vertical 
approaches the horizontal ; on the other hand, geotropism is slower the thicker the 
curving region is. Further, the curvature increases, that is the radius of curvature 
becomes smaller, the longer the time during which the curving region is inclined at 
an angle to the vertical. Moreover each transverse zone tends, according to what 
was said above, to curve more strongly than is due to its inclination to the vertical 
and to the length of time during which it is in that position ; that is, each transverse 
zone which has been exposed for a certain time to the action of geotropism under- 
goes in consequence of its persistent effect a subsequent curvature, which is in excess 
of that produced by the other conditions. Finally, as regards rigidity and elasticity, 
it is clear that each transverse zone of a shoot lying horizontally must, by reason 
of the flexibility of the shoot, tend to bend downwards, that is, in opposition to the 
geotropic curvature, and this tendency will be greater the greater the weight which 
the shoot has to bear at its growing end and the more distant the section is from 
that end. It must be further borne in mind that the flexibility alters with age and 
that it diminishes as the thickness increases. 

If the growing region of a horizontally -placed internode or stem were of the same 
thickness throughout, and if the rate of growth of all transverse zones were uniform 
and the flexibility so slight that it might be neglected (as is the case in short, thick 
stems), the curvature, at its first appearance, would have the form of a segment of a 
circle of large radius. Of these conditions, however, one at least, viz. the uniform 
rate of growth of all transverse zones, is never fulfilled, and since the region of most 
rapid growth is also that of greatest curvature, it is impossible that the curvature should 
be, even at the commencement, a segment of a circle. 

Taking now the usual case, in which we have a shoot growing at its apex, of a conical 
form, growth being more active near the apex than near the base, the curvature re- 
sulting from a horizontal position will first be manifested by the apical portion, for its 
growth is the most rapid, it is the thinnest portion, and it has the least weight to raise; 
at a later period a less sharp curvature of the middle portion will be observed, and 



ACTION OF GRAVITATION ON GROWTH IN LENGTH. 


849 

still later a very gentle curvature of the basal portion of the growing region, for 
the rate of growth diminishes from the apex towards the base whereas the thickness 
increases, and the further from the apex any portion is the greater the weight which it 
has to raise when curving. In consequence of the continued action of gravitation, or in 
consequence of its persistent effect, the curvature rapidly increases, but more rapidly in 
the apical than in the other portions. 

As the result of this, the apical portion, and then the middle portion, becomes more and 
more nearly erect, and the inclination to the vertical of the shoot is less the nearer these 
portions are to the apex. For instance, a line drawn tangentially to the apical portion 
will very nearly coincide with the vertical, whereas a tangent to the centre of the middle 
portion will be inclined to it at an angle of about 45 0 , and a tangent to the centre of the 
basal portion deviates not more than perhaps 5-10° from the horizontal. Consequently 
the apical portion will not be affected any longer by the action of gravitation, whereas 
the middle portion will cot\J.inue to curve considerably, for its growth is still tolerably 
rapid and it is in a position which is favourable for curvature : the basal portion grows 
but slowly, but its position is very favourable for curvature. In consequence of the 
continuing curvature of the middle and basal portions the now erect apical portion 
becomes bent over out of the vertical, and this is increased by the persistent effect 
of the action of gravitation. Thin very rapidly-growing stems acquire this form of cur- 
vature in from 3 to 5 hours, thicker ones in from 12 to 15 hours, and very thick ones in 
from 24 to 30 hours. 

After this condition has been attained a remarkable change of the form of the 
curvature begins. Whilst the apical portion which is erect or has curved even beyond 
the vertical is straightening itself in consequence of the more rapid growth of its 
concave side, the basal portion continues to curve slowly upward by reason of its still 
nearly horizontal position. In consequence of this the middle portion is passively 
elevated, in addition to its own active curvature, so that it comes to assume, like the 
apical portion, a position which is unfavourable to its geotropisrn, and like it, it begins 
to straighten itself (at least in its anterior part). Finally, the whole anterior part 
(including the apical and middle portions) stands erect, whilst the mature portion, lying 
behind the basal portion, is horizontal, the two being connected by the sharply-curved 
basal portion of the growing region. 

It appears, therefore, that the greatest curvature occurs first in the thin quickly- 
growing apical portion, then in the thicker middle portion which grows less rapidly, and 
finally in the still thicker slowly-growing basal portion. 

If, on the other hand, we consider a scape of Allium Cepa or of Allium Porrum in which 
the growth is basal, the first effect of being placed in a horizontal position is that the 
greatest curvature is exhibited by that part of the basal region which is growing most 
rapidly, the mature apical portion remaining straight and being passively elevated. The 
curvature of the basal portion takes place but slowly, for it is very thick and it has to 
support the overhanging weight of the anterior portion. In this case also the apical 
portion may be elevated beyond the vertical, since the transverse sections of the basal 
portion which lie behind the region of greatest curvature continue to curve slowly and 
the position of the whole of the scape which lies in front of them is passively altered. 

If a conical shoot with apical growth, the growth being more active toward the 
apex, be placed in such a position that the apex is directed downwards in a direction 
which deviates but little from the vertical, all the parts are at first in a position which is 
very unfavourable for geotropisrn, since gravitation acts upon the shoot at a very acute 
angle. The time which will elapse before the first appearance of curvature must there- 
fore be greater than when the shoot is lying horizontally. It must be borne in mind 
that, as the curvature proceeds, the parts which are affected by it come to occupy a more 
favourable position for geotropisrn, for they approach the horizontal more and more 
closely; the action of gravitation will therefore increase as the curvature increases. 
The apical portion comes, at length, to occupy a horizontal position ; it commences to 

3 1 
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elevate itself, and in consequence of the persistent effect of gravitation and of the 
curvature of the middle and basal portions, it may pass beyond the vertical ; finally it 
stands erect. The middle portion remains, sharply curved; the basal portion is but 
slightly curved, for its growth ceases before it is possible for it, in consequence of its 
unfavourable position, to undergo any great curvature. 

Growth and Curvature without Absorption of Water. If shoots consisting of a growing 
part and of a part which has ceased to grow be cut off and placed erect (the apex being 
uppermost) in a dry glass cylinder which is then closed in order to prevent excessive 
evaporation, they continue to grow for a considerable time without any absorption of 
water, and at the same time they lose a portion of their water by evaporation into the 
closed space 1 . It might be assumed that the water requisite for the elongation of the 
growing portion was derived from the part which had ceased to grow. If, however, the 
growing region alone be cut off and the terminal bud removed, and then marks be made 
on the shoot, it becomes evident that all the segments of tfce shoot grow without absorb- 
ing any water. The elongation is certainly less than usual, but it is distinct. 

If shoots consisting of a part which is growing and of a part which has ceased to grow 
be cut off and placed horizontally in a closed space and protected from excessive evapora- 
tion, a curvature occurs in the growing region which may result in the elevation of the 
apex into an erect position. In this case the water which is necessary for the more 
rapid growth of the under side of the shoot might be absorbed from the posterior 
fully-developed parts. If, however, only the growing region of the shoot be cut off, or 
a single internode, the upward curvature will still take place, and, in this case, throughout 
the whole piece. Accompanying this process we have (i) a loss of weight due to the 
evaporation of water into the un saturated atmosphere, ( 2 ) an elongation of the convex 
lower surface, corresponding to the upward curvature, and (3) no elongation, ora very 
slight one, but more generally a contraction, of the upper concave side. 

Curvature of split shoots. If the growing region of a shoot is split into two symme- 
trical halves which remain connected posteriorly by a portion of the shoot which has 
completed its growth, they will curve concavely outwards in consequence of the 
tension of their tissues. If, whilst thus curved, the epidermis of the two concave 
surfaces and the two convex cut-surfaces of the pith he measured, and if then the 
shoot be placed in such a way that the epidermis of one surface is directed downwards 
and that of the other upwards, each half will exhibit geotropism. The growth of the 
pith of the upper half will be accelerated, whereas that of the cortex of the same half 
will be retarded or the cortex may even become shorter; in the lower half, the growth 
of the pith will be retarded and that of the cortex accelerated. The following were the 
increments of growth in 24 hours observed in Sylphium connatum : — 


Upper longitudinal half 
Lower longitudinal half 


j epidermis (above) 

( surface of pith (below) 
J surface of pith (above) 
( epidermis (below) 


- 1*0 m.m. 
+ TO ’7 „ 

+ 7*o „ 

+ 2*0 „ 


The same takes place, only in a more marked manner, in the case of the haulms of 
Grasses, which are more adapted for observations of this kind, for, when they are split, 
the two halves do not curve outwards. 

If a longitudinal slice be taken from the middle of the stern of some Dicotyledon 
which is not hollow but which has a thick pith (e.g. Senecio Doria ), by paring away the 
wood symmetrically on each side, it is possible to place it horizontally in two ways, 
(a) that in which the cut surfaces are vertical, and (b) that in which the cut surfaces are 


It is to be remembered that many shoots, such as those of Fntillaria imperialist, are much 
disturbed in their growth if the apex be cut ofi ; and they hardly grow at all if they are cut off at the 
base. As a consequence the curvature of such shoots is very slight or entirely absent. 
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horizontal. In the position (a) the vertical arrangement of the tissues will be as 
follows : — 

Cortex, 

Pith, 

Cortex : 

in this position the slice will always curve upwards. In the position (/;) the different 
tissues lie side by side in a horizontal plane, thus, 

Cortex, Pith, Cortex, 

and nearly the whole of both the upper and under s irfaces will be occupied by the 
section of the pith. In this position it often happens that no geotropic curvature is 
exhibited, but accurate observation is rendered difficult by the unfavourable conditions. 

If a prism of pith be cut out of the growing region of a solid shoot, without any other 
tissues being attached to it, and if this be placed for five or ten minutes in water so that 
it becomes rigid and turgid, and be then laid horizontally in moist air or in water, one 
end being fixed and the other free, no upward curvature takes place. 

2. Upward Curvature of Grass-haubus . In the case of the stems considered in the 
preceding paragraphs, the whole region of growth, which is of considerable length, is 
gcotropic; hence the curvature is gradual and therefore also of considerable length, 
and every portion of the stem which has completed its growth in the erect position 1 as 
become incapable of curvature. In the haulms of Grasses, on the other hand, the 
capacity for curvature is concentrated at the nodes, the long internodes remaining 
straight. Hence, a haulm possessing several nodes, if laid horizontally, will exhibit after 
a short time a number of sudden angular curvatures at the nodes, between which lie the 
straight internodes. If the oldest internode be fixed in a horizontal position, the third 
or fourth internode will have assumed an erect position in from one to three days. It is 
011 this that the upgrowth of ‘ layered ’ Wheat depends. 

It is an especial peculiarity of the haulms of Grasses that they retain for a con- 
siderable time the property of becoming erect, that is, that their under surfaces will 
grow rapidly if they lie horizontally, after that they have ceased to grow while in the 
normal vertical position. An abnormal position does not only affect the growth of 
the nodes of a haulm, but even causes it to recommence after it has already ceased; 
in this particular the motile organs of periodically motile leaves, e.g, those of Phaseolus , 
resemble the Grass- haulm. 

These nodes which are thus capable of curvature are, as is well known, the basal 
portions of the leaf-sheaths, which surround the base of the internode as a more or 
less well-developed annular swelling of considerable thickness but of delicate succulent 
structure. My observations were made upon Trit/cum , Dactyl is, Glycerin spectabilis , 
Jlndropogon niger and Zca Mats, in which plants the nodes are sufficiently large to 
admit of tolerably accurate measurements. Portions of the haulms were cut oil' in 
such a way that there was a node in the middle of each, connected with an internode 
above and below; the lower cut end was fixed laterally into moist sand in such 
a way that the whole piece was horizontal: it was then put in a closed metal box, 
the atmosphere of which was damp. The free internode was found to become 
erect after two, three, or four days, according to the thickness of the node : sometimes 
it became vertical, but more commonly oblique. It was easy to see that the lower 
surface had elongated considerably. If the piece of haulm be now turned in such a 
way that the convex surface of the node is uppermost, the concave side begins to 
grow very vigorously ; the node becomes straight, and appears uniformly elongated 
on all sides. 

The convex lower surface of a sharply bent node appears smooth, transparent 
and glistening, whereas the concave upper surface is dark, opaque, and rough in 
consequence of transverse folds formed by its epidermis and parenchyma. A deep 
indentation may often be observed in addition, so that it appears as if* the node had 
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been artificially bent until it was dislocated. These changes are produced by a con- 
siderable shortening of the upper surface which accompanies the very vigorous growth 
of the lower surface. That this is the case is shown by the following measurements 
made on the nodes of Maize, the thickness of which in the plane of curvature was 
from 10-12 mm. 

Length of the Node. 

Before curvature. * After curvature*. 


No. 1. 

Upper surface 

4*3 mm. 

2*5 mm. 


Lower „ 


9 *o „ 

No. 2. 

Upper surface 

4 ° „ 

3*o „ 


Lower „ 

5 *o „ 

T i‘° » 

No. 3. 

Upper surface 

5 *° „ 

4*5 „ 


Lower „ 

5 '° » 

12*5 „ 


Median longitudinal sections through the curved nodes showed that the cells of 
the epidermis and of the subjacent tissue of the underside had undergone a cor- 
responding elongation, but that they had not undergone division, whilst those of the 
upper surface had not grown and had become so compressed by the curvature that 
the above-mentioned folds of the tissue had been produced. 

3. The downward curvature of the tap-roots of seedlings 1 2 was studied especially in 
a large-seeded variety of F'tcia Faha , in Peas, Acorns, and Horse-Chestnuts. They 
were placed horizontally either in moist air, or in water, or in damp earth. In the 
last case, the seedlings were in a box having oblique walls of glass or of talc, which 
permitted the observation of the roots during their growth and curvature. 

The statement that it is only those portions which are still growing that are 
capable of curvature holds good also for roots. I showed, in opposition to earlier 
views, that it is not one part only of the growing region but the whole of it, as in 
the case of stems, which exhibits geotropism (Pig. 484). Since the whole growing 
region (as was shown in Section 17) is only from 8 to 10 mm. long, and in many roots 
even shorter, and since the curvature can only be considerable in the middle zones, 
the curvature appears, especially after a considerable time, sudden and sharp with a 
very small radius, a condition which is of considerable mechanical advantage to the 
penetration of the roots into firm soil. Since the considerations which were stated 
above with reference to stems may be generally applied with propriety to the curvature 
of roots, the form of the curvature appears to be in this case, as in the former, only 
at first that of the segment of a circle of large radius; but this is merely apparent, 
for, since the apex of the root is directed downwards in consequence of the curvature, 
the younger transverse zones are brought into a position which is unfavourable to 
geotropism, whilst the oldest soon cease to grow and can therefore curve no further. 
It is the zones which arc in the middle phase of growth which undergo the greatest 
curvature, for these not only grow rapidly and for a considerable time, but they have 
also this advantage, that they do not at once come to occupy, in consequence of their 
curvature, a position which is unfavourable to geotropism, as is the case with the 
youngest zones. A more detailed account of the conditions which determine the form 
of the curvature of roots which are cither horizontal, oblique, or erect, will be found 
in my paper which is here quoted. 

The measurement of the growth of the upper and under sides of roots is much 
more difficult than in the case of stems and of the nodes of Grasses. I found that 
the growth of the upper side was as vigorous, or even more so, as it was when the 
root retained its normal position and form. The lower surface, however, is con- 
siderably hindered in its growth, and it appears from Ciesielski's statements, that 

1 The curvature took place in six days. 

2 Sachs, Arb. d. hot. Inst. Wurzburg. 1873, Heft III. 
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folds are found upon the concave under surface in consequence of compression, just 
as in the nodes of Grasses. When the root is curving geotropically, all the cells 
within the curving portion usually grow, but their growth is slower the nearer they 
are to the lower surface which is becoming concave. In passing from the convex 
surface, where the cells are fully developed and contain much sap, to the concave surface, 
where the cells present the appearance of young undeveloped cells containing much 
protoplasm, all intermediate forms may be met with. Since, therefore, the development 
of the cells of the under side is very considerably impeded, it is possible for those 
of the upper side to undergo a more or less excessive elongation. Some observations, 
as yet incomplete, seem to indicate that the retardation of 
the growth in ’ength of the under side is accompanied by a 
more vigorous growth of the cells in a radial direction, and 
the acceleration of that of the upper surface by a less vigorous 
radial growth. 

If thick primary roots be split and be treated in the manner 
described with reference to stems, the same phenomena 
(though in exactly the opposite direction) are generally pro- 
duced : this shows that geotropism is not merely a property 
of the root as a whole, but also of each of its constituent 
parts. These observations are, however, very difficult to carry 
out. A persistent effect of the commencing geotropic action, 
which was so well-marked in the case of steins, is stated 
to occur in roots also by Giesielski and Frank. 1 have not yet 
succeeded in detecting it, blit 1 will not reject the fact, for 
other methods will perhaps afford more satisfactory results. 

4 . The chief result of the observations which I have made 
hitherto is, I believe, this, that the phenomena of upward 
geotropic curvature are essentially the same, though taking 
place in the opposite direction, as those of downward geotropic 
curvature, and that therefore the mechanical explanation of the 
one will include that of the other. This necessarily implies 
the incorrectness of the older explanations offered by Knight 
and by Hofmeister. 

Knight, the discoverer of the fact that it is gravitation 
which induces geotropic curvature, believed the upward cur- 
vature of the stem to be due to an accumulation of nutrient 
materials towards the lower surface, which would induce 
more vigorous growth. Hofmeister, who regarded the state 
of tension of the tissues to be the most important factor in 
producing the curvatures of parts of plants, considered that 
the action of gravitation in producing an upward curvature 
was to increase the extensibility of the passively stretched 
tissues of the lower side. I pointed out that the growth of 
the under surface of an organ capable of curving upwards 
was accelerated, and that of the upper surface retarded : 1 
did not at the time express an opinion as to whether these modifications of growth 
were due to an altered distribution of plastic material or to a change in the extensibility 
of the passive layers of tissue. 

Knight explained the downward curvature of primary roots in a somewhat obscure 
manner by referring it to the softness and flexibility of the growing apex, a view 
which was adopted by Hofmeister in a more precise and logically complete form, 
and one which I for a time accepted. It was assumed that the tissue of the growing 
root was comparable to soft dough, and that the unsupported end tended to curve 
downwards under the influence of its own weight. I considered that the weight of 
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Fir.. 484. -The growing and 
curving end of the primary root of 
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the free apex exercised a traction upon the growing cell-walls of the curving portion 
of the upper surface, in consequence of which the growth, the intussusception of this 
side, was accelerated, whilst exactly the opposite took place on the other side, and 
1 believe that Hofmeister held the same opinion. Frank did not make a new sug- 
gestion when he pointed out that the downward curvature of the apex of the root 
was a phenomenon of growth, that is, of the more rapid growth of the upper surface: 
we held that view already. The point was to determine why the growth of the 
upper surface of the apex of a root when placed in a horizontal position is more 
vigorous than that of the under surface. Frank was right in asserting that the theory 
of Knight and Hofmeister was untenable, for, as Johnson had already shown, the 
apex of a root will curve downwards when its weight is counterbalanced and even 
when the counterbalancing weight is greater, and also because when the apex of a 
root is placed upon a firm horizontal support or upon the surface of mercury 1 it 
exhibits the same phenomena of growth which effect the downward curvature. The 
explanation of Frank and the more recent ones of Muller are inadequate to answer 
the crucial questions. 

Sect. 22. — Unequal Growth 2 . Our observations have hitherto bad reference 
almost exclusively to the growth of multilaieral or polvsymmctrieal oigans, such 
as erect stems and descending roots. Organs of this kind offer the simplest example 
of growth taking place equally on all sides. Hut they form only a small minority, 
situe not only a large number of primary stems like those of Hepaticx 1 , Kbizocarpete, 
and Selaginellea?, but also by far the greater number of lateral branches of erect 
stems, and all leaves, display a decidedly bilateral organisation, i.c. two sides of their 
axis of growth exhibit different properties. With this bilateral organisation is also 

1 See Fig. 477, and Aib. d hot. Inst. Win /burg. Heft 111 . p. 44S et &eq. 

‘ l A. i». Fiank, Die naturUche wagereehte Uiohtung von Pflan/enthului 1 Leipzig, TS70'. The 
views propounded in frank's tiealise are opposed by II de Vries in the second Heft of the Pro- 
ceedings of the Wurzburg Hot. Inst. 1*71, p. 223 ft set ], — See also Hofmeister, Allgemeine Mor- 
phologic dei (icwachsc, Leipzig 186S, Sect. 2^, 24. [It has been noticed by many observers that 
the position of members of plants, such as leaves and the thallus o i Livcnvorts, which have a dis- 
tinctly bilateral struct me (that is, which are dorsivrntral \ is at light angles to the diiection of 
incidence of the rays of light and to ihc action of giavily. Fiank considers that this is due to 
certain properties with which these members are endowed and hv viituc of which their reaction to 
these forces is diffeient from that of polvsymmctrieal member-., such as stems and loots, which tend 
to place themselves in the line of incidence of the ravs of light and of the action of giavity. This 
peculiar form of heliotiopism and ol geotropirn he terms transverse. In the note on p 843 it is 
stated that Klfving lias found instances of vvlial appeals to he transverse gcotropisin in eeitain 
rhizomes, which do not howe\er possess a bilateral stiueture. Flank’s views are adopted by Darwin 
(Movements of Plants. ; lie uses the terms diahehfjtrnpi stu and diageoiroptstn. 

De Vries concludes that the position of these doi si ventral members is the expression of the 
resultant action of several forces, such as negative heliotiopism, negative gtotropism, hyponasty, 
epinasty, and does not admit that these members react differently to polysymmctiical membcis when 
exposed to the action of light or of gravity, isachs T'eb. 01 1 hot rope und plagiotrope Pflauzenthcile, 
Arh. d. hot. Inst, in Wur/bing, 11 2, 1879 conns to much the same conclusions, lie divides all 
parts of plants into two classes, mceoiding to the position whiili the) assume under the influence of 
ordinary external conditions, lie terms tho-c parts nrt/iolropic which assume a vertical position 
and those parts plagtutropic which assume a position im lined to the vertical. All sides of the former 
react similarly to light and to gravity, whereas in the latter one longitudinal half reacts differently 
to tire other longitudinal half. In t lie former the polysymmetiicnl structure is correlated with a 
polysymmetrical organisation; in the latter the bilateral structure is conelated with a bilateral 
organisation. In some cases, however, members with polysymmetrical structure are bilaterally 
organised, as is shown by the fact that they are plagiotiopic.] 
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usually connected a difference in the growth of the two dissimilar sides, which causes 
curvatures and hence changes in the position of the apex. The two dissimilar sides 
of bilateral organs must also be acted on differently by external agencies which affect 
growth, such as light, gravitation, and pressure. We do not attempt here to solve the 
question of the causes which produce the bilateral structure in any particular case ; 
it need only be shown incidentally that this structure of lateral organs (as we have 
already seen in Book I. Sect. 27) is probably always brought about by internal 
causes, and is independent of the action of external circumstances. This is in 
general evident from the fact that the median plane of bilateral appendicular organs 
has always a perfectly definite geometrical relation to the axial structure which bears 
them, and that moreover in the dark and under the influence of slow rotation round 
a horizontal axis, which eliminates the effect of gravitation, the bilateral structure and 
relation to the axis remain unchanged. 

But before we proceed to the consideration of the growth of bilateral organs, it 
must be premised that even in multilateral erect stems and vertically descending 
roots growth docs not always proceed equally and with equal rapidity on all sides of 
the longitudinal axis; it is much more common for first one side and then another 
of the organ to grow more rapidly than the rest, curvatures being thus caused the 
convexity of which always indicates the side that is at the time growing most rapidly. 
If another side then grows more rapidly, it becomes convex, and the curvature 
changes its direction. Curvatures of this kind caused by the unequal growth of 
different sides of an organ may be called Nutations, and in so far as they are pro- 
duced entirely by internal causes they may be said to be spontaneous. They occur 
most commonly and evidently when growth is very rapid, and consequently in 
organs of considerable length, and are produced under the influence of a high 
temperature either in darkness or when the amount of light is very small. 

When two opposite sides of an organ grow alternately more and less rapidly, 
curvatures arc caused first on one side and then on the other ; it will, for example, 
bend first to the left, then become erect, and then bend to the right side; as occurs, 
e.g. in the long flower-scapes of Allium Par rum, which finally take an erect position 
when their growth is ended. It is much more common for the apices of erect stems 
above the curved growing part to move round in a circle or ellipse, the region of 
most active growth moving gradually, as it were, round the axis : it lies, for instance, 
at one time towards the north, then towards the west, south, and east in succession 
until it comes again to lie towards the north. This kind of nutation may be termed 
a Revolving Nutation \ Since the apex of the stem is constantly rising higher 
during the nutation owing to the elongation of the part below it, its revolving motion 
does not take place in a plane, but describes an ascending spiral line. This form of 
nutation occurs in many flower-stalks before the unfolding of the flowers, as in those 


1 [Darwin is of opinion (Movements of Plants) that all nutation is revolving nutation, or, as lie 
terms it, circumnutation. lie regards all the movements connected with growth (heliotropism, 
geotropism, hypona*>ty, cpinasty) as well as those of matin e parts (spontaneous or induced move- 
ments) as being modified forms of circumnutation. 

The unequal growth is of course the expiession of an unequal turgidity of different parts of the 
growing organ (see de Vries. Ueb. die inneren Vorgange bci den Wnchsthumskrummungen mehr- 
?elliger Organc, Bot. Zeitg. 1879.] 
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of Brassica Nctpus , where the movement ceases when growth is completed, and the 
stem finally becomes erect. It is very general in climbing stems and in almost 
all erect stems that bear tendrils; but bilateral tendrils also revolve at the time when 
they are about to take hold of a support \ 

In bilateral appendicular organs nutation does not usually take the form of 
a revolving motion, or only to a subordinate extent, as in tendrils. The outer or 
dorsal side more often grows more rapidly so that the organ is curved concavely to 
the primary axis, and the inner side afterwards begins to grow more quickly, so that 
the organ finally becomes straight, or even concave on the dorsal side. This is the 
case in all strongly developed foliage- leaves, very strikingly in those of Ferns, which 
are at first rolled up towards the axis, and then unroll, often bending over back- 
wards, becoming finally straight. The same phenomenon occurs in the tendrils of 
CucurbiiaceiT , which are also at first rolled up inwards, then become straight, and 
are finally rolled up outwards. Other tendrils are at first straight or only slightly 



concave inwards, like leaves in vernation, but are afterwards rolled backwards. Move- 
ments of nutation are very common and easily observed in stamens with long fila- 
ments, as Tr operation inajus , Datamini s Fraxinclla (Fig. 485), Parnassia palus/n's 1 2 , 
&c., and in long styles like those of Nigella saliva , &c. They occur at the time of 
the maturity of the sexual organs, and serve to place the stigmas and anthers in 
the positions adapted for the conveyance of pollen by insects from one flower 
to another •*. Most lateral shoots behave in the same manner as ordinary leaves, 
growing at first only quickly enough on the outer side to become appressed to the 
primary axis in vernation, afterwards more rapidly on the inner side, by which they 
become straight and diverge at a greater or smaller angle from the primary shoot. 


1 Sec Sect. 25, On the Twining of Tendrils. 

2 [On the stamens of Parnassia, where there is not properly any movement of nutation, see Gris 
Comp. rend. Nov. 2, 1868 ; and A. W. Dennett, Journ. Linn. Soe. vol. XI. p. 24, 1869.] 

1 Vule injra under Fertilisation, Chap. VI. 
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These movements of nutation of bilateral appendicular organs take place mostly 
in one plane which coincides with the median plane of the organ. As long as the 
organ grows most rapidly on the dorsal side, it may be termed, after de Vries, 
hyponastic ; afterwards, whpn it grows most rapidly on the inner or upper side, 
epinastic. Since in the later stages of development of an organ growth ceases at 
certain places — while at different distances from these places it presents different 
stages of growth, until it finally ceases everywhere — it is clear that in the same organ, 
together with areas where growth is completed and nutation no longer takes place, 
others occur with hyponastic and others again with epinastic growth, until at length 
nutation and growth alike cease altogether, as in Fern-leaves. 

Seedlings of Dicotyledons afford a remarkable illustration of bilateral structures 
which nutate in one plane ; although their stem and primary root become afterwards 
multilateral and grow vertically upwards and downwards. The stem terminates in 
a pendent or nodding bud ; and the curvature, which is generally very great, exhibits 
itself also in germination when it takes place out of the ground in a vessel that 
rotates slowly round a horizontal axis ; it is a true curvature of nutation inde- 
pendent of light and gravitation. But the older portions of the stem become straight 
as they develope from the curved portion ; and in proportion as the stem increases 
in length, the straight part which bears the nodding bud also lengthens. When 
germination takes place in a feeble light, or belter in a slowly rotating vessel, a 
more rapid growth occurs of the side of the older portion of the stem which was 
at first concave, causing it to become convex ; and hence the older and younger 
parts of the stem form together a letter S, as in Phaseolus , Vida Faba , Polygonum 
Fagopyrum , Cruci ferae, &c. But the primary roots of dicotyledonous seedlings also 
manifest a tendency to a bilateral organisation ; since, when they develope under slow 
rotation round a horizontal axis, they seldom continue to grow straight, but curve 
concavely either in front or behind, sometimes even becoming rolled up. These and 
other instances of nutation are not clearly seen when the development takes place 
under normal conditions, because the growth of the stem of the seedling is retarded 
by light, and the curvature both of stem and root prevented by geotropism. 

A knowledge of the different capacity for growth possessed by the anterior and 
posterior sides of bilateral organs lies at the root of an understanding of the fact that 
leaves, lateral shoots, and many secondary roots, although they are heliotropic and 
geotropic, yet assume definite positions with respect to the horizon, but without 
growing vertically upwards or downwards. When multilateral (orthotropic) primary 
stems and roots grow vertically, the essential cause is their growth being uniform on 
all sides of the axis of growth ; the different sides of the organ are in equilibrium 
with one another. Every deviation from the vertical position, to the right, left, front, 
or back, is counterbalanced by geotropism ; the growing part curves until the free 
apex stands erect, in which position the action of gravitation is again equal on all 
sides. In the same manner light acts equally strongly on all sides of such organs. 
If therefore one side is exposed to stronger light, a heliotropic curvature takes place 
which finally brings the free part into a position in which all sides receive equally 
strong light on all sides, and therefore grow uniformly without any further curvature. 
The case is different with bilateral organs the anterior and posterior sides of which 
possess independently different capacities for growth (plagiotropic), and which there- 
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fore exhibit a tendency for the more rapidly growing side to become convex. If the 
growth is very strongly hyponastic or epinastic, the curvature thus caused may take 
place in spite of the opposing action of light and gravitation, supposing the organs 
to be actually heliotropic or geotropic. Organs which grow horizontally or obliquely 
to the horizon must not be assumed to be on that account wanting in heliotropism 
or geotropism ; still less is it necessary to suppose in these cases any special or 
altogether abnormal relations to light and gravitation 7 . It is sufficient, as de Vries 
has clearly shown, to suppose that light and gravitation act in the ordinary way on 
the growth of bilateral organs, in order to explain their directions of growth, if only 
it is borne in mind that their heliotropism and geotropism cooperate with their 
hyponastic and epinastic properties, and thus bring about positions of the organs 
which must be considered as the resultants of these different forces. The weight of 
the overhanging part must however also be taken into account, its tendency being 
always to change the lateral direction of the organ into a more horizontal or even 
pendulous one ; and this must occur more decidedly the less the elasticity of the 
organ. When lj.rge leaves assume oblique or horizontal positions, it is because 
their epinasty tends to make them concave downwards as they unfold, while their 
positive heliotropism tends to make them concave upwards. The result is con- 
sequently a more or less flat expansion of the leaf, the position of which depends 
on the relation of the weight of the lamina to the flexibility of the petiole and 
mid-rib. The same phenomena are observable in horizontal or oblique lateral 
shoots, in which however the hvponasty of the axis often counterbalances the 
greater mass of the pendent parts (as in Prunus Avium, limits camjcstris. Cory/us 
AvcUana, Picca nigra, &c.). As soon as the position resulting from these forces is 
attained, it becomes permanent, from the mature parts becoming ligniiied, rigid, and 
hard, and thus in a condition to maintain the weight of the pendent parts. 

If leaves which are unfolding or still growing have their under side turned 
upwards or towards the light, very strong curvatures take place, generally combined 
with torsions, by which the lamina finally resumes more or less completely its 
norm.nl position ; and the impression is given as if the under side were more 
sensitive to the influence of light, and the upper side to that of gravitation than 
the reverse. Hut this hypothesis is superfluous if it is home in mind that in this 
case epinasty works concurrently with heliotropism and geotropism, and hence 
much stronger curvatures must take place than in the normal position where the 
former acts in opposition to the two latter forces. 

The results here described arc derived from the experiments of dc Vries, which have 
been already quoted. For the following I am also indebted to him. 

(a) Leaves. If a strongly developed mid-rib is separated from a leaf in active growth, 
it curls up concavely on the under side, showing that a tension exists between it and 
the lamina. De Vries found this to he the case in nearly two hundred species, with 
only a few exceptions. This curvature does not take place equally strongly at all ages; 
in leaves which have but just emerged from the hud it does not occur at all; it 
increases with age, and attains its maximum when the leaf is nearly fully grown, then 
decreases, and altogether disappears when the leaf has reached full maturity. This 
tendency to curve is at first apparent along the whole length of the mid-rib; it dis- 
appears first of all at the base, the part capable of curvature becoming constantly 

1 [Sec note 2 on p. with reference to di.iheliotropism and diageotropism.J 
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smaller and nearer to the apex. If mid-ribs of leaves are separated in this last 
stage of growth and fixed upright in a damp and dark place (e. g. in wet sand in a 
spacious closed zinc box), they will continue to grow for some time ; and since growth is 
more vigorous on the inner (anterior or upper) side, they will curve concavely on the 
posterior (or under) side, the curvature being however partially counteracted by gco- 
tropism. If separated mid-ribs of leaves are fixed horizontally in wet sand, so that the 
median plane lies horizontal, the epinastic curvature will take place without hindrance 
in a horizontal direction ; but a geolropic curvature will at the same time ensue in a 
vertical plane, so that the two kinds combine to produce an obliquely ascending position. 
If, on the other hand, two similar mid-ribs are separated and fixed horizontally in wet 
sand, with the posterior side in one case below, in the other ease above, geotropism will 
act in the former in opposition to epinasty, while in the latter the two will cooperate; 
and the consequence will be that in the former case the epinastic curvature will be more 
or less neutralised, while in the latter a strong curvature will take place upwards, the two 
forces acting in unison. 

Phenomena of the same kind arc produced by a combination of epinasty with lielio- 
tropism, if the separated mid-rib is fixed vertically in wet sand in a closed vessel into 
which light is admitted from one side through a glass plate, llcliotropism is generally 
but not always exhibited, and is then always positive; but in all the cases hitherto ob- 
served is too weak to overcome epinasty. It will be seen from what we have said that 
all these movements of the mid-rib will be much less considerable when it is still in 
connexion with the lamina. Petioles show in general the same phenomena as mid- 
rihs, but their motions which result from hcliotropism, geotropism, and epinasty arc 
unimpeded. 

(b) Bilateral secondary shoots , such as branches of an inflorescence, horizontal or erect 
leafy branches, and stolons, were experimented on in a similar manner. It was thus proved 
that the branches of the inflorescence of Isatis tinctoria , Archangelica officinalis , Cram he 
cor difolia, and all others that have been observed, the horizontal branches of Pyrus Malus , 
Asperugo procumhens , &t\, as well as the runners of Fragaria , Potent ilia reptans , Aji/ga 
reptans , &c\, are epinastic. When fixed horizontally in wet sand, they all curl upwards, 
whether the side that normally fares downwards (the posterior side) Ik* placed below 
or above, but in the latter ease more strongly, because geotropism and epinasty then 
cooperate. In some species (as Tilia and Philadelpbus) a branch, when stripped of 
leaves and placed in its normal position, did not curl upwards, while one placed in a 
reverse position did so, proving that there was in these cases an equilibrium between 
geotropism and epinasty. The horizontal branches of Prunus Avium, Vilnius campestris , 
Corylus Av el l ana, and some other plants were found on the other hand to be hyponastic ; 
when laid horizontally in their natural position they curved upwards, but downwards 
if reversed, because their hyponasty was stronger than their geotropism. 

Similar experiments to those made on petioles with respect to hcliotropism 
showed in many cases the absence ol‘ this phenomenon, especially in the case of stolons; 
and that in other cases it was always positive, but too feeble to overcome the influence 
of their epinasty. In the case of branches, especially such as are long and slender, 
more account must be taken of weight in modifying the direction of growth than in 
that of leaves. The removal of the leaves (e.g. in Corylus) is in this case followed by a 
sudden curving upward, the result of elasticity; but this is subsequently intensified by 
geotropism and in many cases (as in Abies) also by hyponasty. 

It may be left to the ingenuity of the student to ascertain the conditions determining 
the direction of an organ in any particular case, from the points of view stated above. 

Sect. 23. — Torsion 1 . Organs of any considerable length very commonly ex- 

1 H. tic Vries in the second Ileft of the Proceedings of the Wurzburg Botanic Institute, 1871, 
p. 272. — Wichura in Flora, 1852, No. 3, and Jalnbueh fur wissensch. Hot. vol. II, i860. — Braun in 
Bot. Zeitg. 1870, p. 158. 
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liibit torsions about their axis of growth ; the striations on the surface of the organ 
are not parallel to its axis of growth, but run round it in the form of more or less 
oblique spiral lines, as if ihe organ were fastened at one end, and then twisted at the 
other. Torsions of this kind occur in the unicellular internodes of Nitdla ; they are 
common in the elongated multicellular internodes of the erect stems of Dicoty- 
ledons, universal in climbing internodes ; the setae of Mosses are generally very 
strongly twisted. Even in flat leaves, as Wichura has shown, torsions of the lamina 
occur very commonly; they behave like strips of paper fastened at one end and 
twisted by the other round their median line. These torsions are particularly con- 
spicuous in the leaves of many Grasses, of Allium ursinum , species of Ahtrccmcria , 
&.C., causing the under side of the lamina to lie uppermost towards the apex 1 . 

Since the stria; on a twisted organ run spirally round the axis, they must exceed 
the axis in length ; if therefore the torsion is the result of growth, the growth of the 
outer layers of cylindrical, conical, or prismatic organs (internodes, roots, &c.) must 
be more rapid or must last longer than that of the inner layers ; and in twisted 
leaves there mu«! be the same difference as respects the growth of the mid-rib in 
comparison to that of the margins. The fact that at the time of most rapid growth 
the inner layers generally grow more rapidly than the outer ones (Sect. 13), thus 
preventing the possibility of torsion, the additional fact that torsion does not gener- 
ally take place until growth is ceasing, and lastly, the circumstance that etiolated 
internodcs, which in a normal slate do not exhibit torsion, usually manifest this 
phenomenon at the close of their growth, lead to the conclusion that torsion is the 
result of growth continuing in the outer layers after it has ceased or begun to cease 
in the inner layers. In twisted leaves, especially those of Ahtra:nieria y the torsion 
however begins earlier. If the growth of the outer layers, besides being greater, 
were also exactly parallel to the axis, and if the resistance to the strain thus caused 
of the outer against the inner layers were exactly in the direction of the axis, there 
would he no torsion, but only a longitudinal tension between them, which would 
be directly opposed to the tension of the layers already described. It is however 
evident that this would be possible only if all the parts were arranged with mathe- 
matical precision ; but that any irregularity, however small, must give a lateral direc- 
tion to the strain in the outer layers, and thus cause a torsion 2 . 

Torsions are also very often the result of an increase in diameter or arc made 
more evident as the formation of wood advances, as is often seen in the bark of old 
stems of Dicotyledons and Conifers, and more clearly in the oblique course of the 
fibro- vascular bundles. It may be concluded with probability that the phenomenon 
is the result of the small but powerful increase in length of the young wood-cells ; 
if these did not increase at all in length no torsion would take place. 


1 [Similar torsions occur in petals as Cyclamen, fruits as Atlanlhm tnalabartca, and not unfre- 
qucntly in pedicels or inferior ovarits as Oichidea*, causing the anterior part of the flower to l>ccome 
apparently posterior, and vice versa.] 

9 This can easily be made clear to the student in the following way. If an india-rubber tube 
is strongly stretched, and another tube only a little wider is drawn over it, and the first is then 
released, it contracts and is then too short for the outer tube. If the two tubes were perfectly 
uniform in structure in the longitudinal and transverse directions, the only result would be 
a longitudinal tension ; but torsion takes place also because a transverse is combined with the 
longitudinal tension. 
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The examples of torsion we have been considering so far are produced solely 
by internal causes; the direction in which the striae run round the axis is usually 
constant in the same species ; but other instances of torsion frequently occur which 
result from external and accidental circumstances. It is evident that when any 
weight is attached to the side of an organ growing in a horizontal or oblique 
direction, such as an internode, leaf, or tendril, the tendency will be to produce a 
twisting of the organ round its axis. If the organ which is twisted in this manner is 
very elastic, the torsion will disappear when the weight is removed ; but if it is only 
very imperfectly elastic, the torsion will remain permanently, as in a twisted thread 
of wax ; and this will be the case if the organ is in a growing state. This does 
in fact occur in growing internodes, petioles, the mid-ribs of leaves, &c. If an 
organ of this kind is fixed horizontally in wet sand, after a pin slightly weighted on 
one side, as by a drop of sealing-wax, has been passed horizontally through its 
summit, the small twisting force is sufficient, as de Vries has shown, to cause a 
permanent torsion in the growing part. The same result will of course ensue if a 
leaf or branch instead of a pin is attached to the side of the organ. Branches wffiich 
grow horizontally and bear decussate pairs of leaves usually exhibit alternate tor- 
sions of their internodes to the right and left, so that the leaves all stand in two 
rows along the branch instead of in four. De Vries has shown that this is occasioned 
by the unequal twisting force of the leaves of each pair. If the young leaves 
are cut away no torsion results ; if only one of each pair is removed, the torsion is 
determined by the weight of the remaining leaf. 

Torsions of this kind also occur frequently when leafy shoots rise in consequence 
of geotropism from a horizontal position, and are caused by the unequal distribution 
of the weight of the leaves, and by their various geotropic and heliotropic curvatures 
twisting the stem as it becomes erect. Very clear instances are furnished by long 
petioles as those of Cucurbita , when the branch from which they spring is fixed in 
a reverse position. The effect of geotropism alone or combined with heliotropism 
would be simply to cause the petiole to curl upwards in a vertical plane ; but the 
weight of the lamina is scarcely ever equally distributed on the two sides of the plane 
of curvature ; one side is more heavily weighted, and causes the plane of curvature 
of the petiole to bend obliquely to that side, and other parts of the petiole to be 
thus exposed to the influence of gravitation and heliotropism. Complicated curva- 
tures and torsions of the petiole and of the lamina itself are caused in this way, the 
final result being again to reverse the lamina, so as to bring its proper upper side 
uppermost and expose it to the light as much as possible. 

It will be seen therefore that a distinction must be drawn between two kinds of 
torsion; firstly, that of erect organs; and secondly, that of organs which grow in a hori- 
zontal or oblique position. In the former case the torsion results from internal con- 
ditions of growth, and especially from the outer layers growing more rapidly than the 
inner ones ; the arrangement of the internal parts — in the internodes of higher plants 
probably the course of the fibro-vascular bundles — determines the direction of the torsion. 

Torsions of the second kind are caused in quite a different way. The outer layers 
of the growing organ are in a state of passive tension, and there is no internal tendency 
to torsion ; but the weight of the parts attached to it causes a torsion of the growing 
organ, which is rendered permanent by growth and by the very imperfect elasticity 
of the organ. 
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Sect. 24. — The Twining of Climbing Plants 1 . The stems of climbing plants, 
composed of long internodes, have the power of twining spirally round upright 
slender supports ; and the long petioles of the Fern Lygodium possess the same 
property. This twining is a consequence of unequal growth, of a revolving nutation. 
It is not caused, as Mold held, by an irritation exercised by the support on the 
growing internodes, and is therefore essentially distinct from the twining of tendrils 
round supports, which depends on the irritation caused by constant and permanent 
pressure 2 3 . 

Only a few plants twine to the right (/. t\ from right to left as one looks at the 
support round which the plant twines), following the course of the sun or of the 
hands of a watch ; among these are the Hop, Tamus ehphanlipes, Polygonum scandens , 
and the Honeysuckle ; the greater number twine to the left, as Aristolochia Sip ho, 
Th mi her gia fra grans , J ism in ium gracih, Convolvulus A 'opium, Ipomaa purpurea , A sch- 
pias ctiniosa y Mcmspcrmum canadense, Phaseolu y, Sec. 

The first internodes of twining stems, whether they are primary stems as in 
Tlhisto/us, lateraV shoots from rhizomes as in Convolvulus , or from aerial organs as 
in Aristolochia , do not twine but grow erect without any support. The succeeding 
internodes of the same shoot twine ; they first of all elongate considerably, while 
their leaves grow only slowly. The long young intemodes incline to one side in 
consequence of their weight, and in this position revolving nutation begins; the 
overhanging part curves and executes a movement which causes the terminal bud to 
describe a circle or ellipse. This circular motion is caused entirely by the curving 
of nutation. If a black line is painted along the convex side of an internode of a 
plant that twines to the right, like the Hop while the bud is pointing to the south, then, 
when the bud points to the north it will be found on the concave side ; when to the 
west or east, on the lateral surface between the convex and concave sides. Usually 
two or three of the younger internodes are in a state of revolving nutation at the 
same time; and, since they are in different stages of growth, the curvature of the 
older internode does not generally coincide with that of the younger one ; the whole 
docs not then* fore form a simple arc, but often an elongated letter S, with the 
different parts lying in different planes. As new inlernodes develope from the bud, 
they begin to revolve, while the third or fourth internode ceases to do so, becomes 
erect, and manifests another form of movement, becoming twisted, until its growth 


1 [L. Palm, Ucber das Winden der Pflan/cn : I'rciXschrifl, Stuttgart i S 2 7. — Mohl, Ucber den 
J»au uml das Winder) tier Kankcn und Schlingpflan/en, Tubingen 1S27. — Dutiochet. Comptes 
rendus, 1S44, vol. XTX. and Ann. dcs Sci. Nat. 3rd sei. vol. 11 . Darwin, On the Movements and 
Habits of Climbing Plants, London 

1 Darwin has already attempted to show' that Mohrs view of the irritability of climbing inter- 
nodes is untenable, without however bringing forward any convincing proof. Put this proof has 
been afforded by II. dc Vries in a series of investigations carried on in the Wurzburg laboratory, 
published in the third part of vol. J of the Proceedings of the Wuizburg Pot. Inst. (1K73). The 
description here given of the mechanical principles is based principally on his results. 

[See aKo Darwin, Movements and Habits ol Climbing Plants, 1875, and Movements of 
Plants, i8So.] 

3 Torsion is therefore not the cause of the revolution of the apex of the shoot, as is seen at once 
from the fact that the number of revolutions of torsion in the same time is different from that of the 
revolutions of nutation. 
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The direction of revolving nutation and of torsion is, in all climbing plants, the 
same as that in which they twine round their support 1 . If a point in the terminal 
region exhibiting nutation is prevented from moving by some external cause, as by 
being fixed, the revolving movement of the free part will continue for some time, 
but the free part will then grow in a spiral ascending in the direction of nutation. 
The revolving movement of nutation thus combines with the induced torsion of the 
lower parts which are already coiled spirally; but this torsion is opposed in its direc- 
tion to the revolving nutation, and therefore also to the torsion previously mentioned 
which exists in the lower portion of the free part. This latter torsion is probably 
occasioned by the weight of the free overhanging apex of the shoot; at all events 
it causes the concave side of the part in a state of revolving nutation to face from 
that time the axis of the spiral which has been formed. 

The most common case in which revolving nutation is hindered in this way is 
when the apex of a shoot comes, in consequence of this motion, into contact with 
an erect support. If the support is not too thick, it forms the axis of the spiral 
curvatures which the climbing stem makes round it ; when the support is very 
slender, the stem winds in such large coils that they do not touch the support at all, 
or only accidentally at a few .places. 

But revolving nutation can also be artificially interfered with in various other 
ways ; as, for example, by placing a support on the posterior side of the shoot as 
respects its revolution, and fastening it by means of gum to the apex of the shoot, 
which would otherwise become detached from it. The first spiral coil is in this case 
formed in precisely the same manner as if the support were in its normal position, 
but the support stands outside the coil which does not therefore embrace it. Spiral 
coils of this kind, not embracing any support, are frequently produced when the 
stem rises above its support. 

The youngest coils of a twining stem are not usually in contact with its support; 
they are wide and flat ; while the older coils are in close contact with it, and are 
narrower and more oblique. This shows that the close clinging of climbing sterns 
to their support is a subsequent result, the coils being at first looser and wider, and 
becoming afterwards narrower and more oblique. This fact, which is of great im- 
portance in the interpretation of the phenomena of climbing plants, was placed 
beyond doubt by do Vries, who caused the summits of climbing plants to coil in 
this manner without having any support in the middle. In this case also the coils 
were at first wider and flatter, and became narrower and more oblique with increasing 
age, until at length the piece became quite erect, a revolution of torsion being all 
that represented each spiral revolution. It is not \m probable that gcotropism is the 
cause of the coils — at first flat and sometimes almost horizontal — becoming after- 
wards more oblique. It is clear that the stronger the force with which the coils 
become narrower and more oblique, the more closely must they cling to their 
support. If there is a support in the axis of the coils, the younger parts of the 
summit will be constantly prevented by it from performing their normal revolution 
of nutation, and the apex will therefore continue to grow in a spiral, and will climb 
continually further up the support, the older coils always becoming more oblique 


1 Whal follows is fiom de Vries. 
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and clinging to the support. If the support is removed soon after a few loose coils 
have been formed round it, the shoot will retain its spiral form for a time, but will 
then straighten itself and recommence the revolution at its apex. 

A revolution of torsion of the twining internodes must, on purely mechanical 
grounds, accompany every revolution of twining; but torsions of the parts which 
have already coiled also occur, especially with round rough irregular supports ; their 
direction is sometimes to the right, sometimes to the left. 

During the course of the twining the leaves must sometimes stand on the out- 
side, sometimes on the inside of the coils 1 ; in the latter case the leaf-stalk will be 
pressed against the support on which it slips laterally under the pressure of the 
contracting coil, dragging the internode sideways with it, and thus causing a local 
torsion. 

What has now been said includes almost all that we at present know on the 
mechanism of the twining of climbing stems. A few remarks, borrowed from Darwin, 
may be added. 

The revolution of the free overhanging apex is often strikingly uniform in the same 
plant under the same external conditions (as e . g. in the Hop, Mkariia , Phaseolus , &c.). 

The following table of Darwin’s gives some idea of tty? time required, under favour- 
able conditions, for a revolution : — 

Scyphanihus elegans 1 hour [7 min. 

Akebia quinata I „ 30 „ 

Convolvulus sepium 1 „ 42 ,, 

Phaseolus vulgaris 1 „ 55 „ 

Adhatnda ( cydoncefolia ) 48 „ „ 

The direction of the twining is usually constant in the same species; but it does 
sometimes happen, as in Solatium Dulcamara and Loasa aurantiaca, that different indi- 
viduals twine in opposite directions. Darwin found, in these two species and in Scyphan - 
thus elegans and Uibbertia dentata , that the same stem will sometimes twine first in one 
and then in the other direction. 

The positive heliotropism of twining internodes is generally feeble ; a powerful 
heliotropism would obviously be only a hindrance to the twining and especially to the 
revolution, by which an e/Tort, so to speak, is made to reach the support. Heliotropism 
is however shown by the fact that when the light falls from one side only, revolution 
takes place more quickly towards the source of light than away from it ; as e.g. in 
Spomcpa jucunda , Lonicera brachypoda , Phaseolus , and Humulus. 

It may be concluded from what has been said on the mechanism of twining that 
there is for every species a certain maximum of thickness of the support at which the 
twining is possible. The support must not he much thicker than the diameter of the 
coils which the shoot can make without a support ; if the support is too thick, the apex 
of the shoot attempts to make coils by its side, and these eventually become effaced. 
Darwin (/. c. p. 22) acknowledges his ignorance of the cause why the climbing plant 
cannot twine round supports which are too thick ; de Vries’s experiments however seem 
to give a sufficient explanation. 

The movements of twining internodes are more energetic the more favourable the 
external conditions of growth, and the more rapid the growth itself; they are therefore 
vigorous when food is abundant, temperature high, and the plants contain abundance of 

1 I may take this opportunity of remarking that, accoiding to Dutrochct, the genetic spiral of 
the phyllotaxis takes the same direction in climbing plants which have their leaves arranged spirally 
as the twining; and therefore also the same as the spontaneous torsion and the revolving nutation 
of the same plants. 
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sap. The direct action of light is not necessary for twining, since even etiolated plants 
(as Ipovuea purpurea and Pbaseolus multiflorus) cling closely to their support in the dark. 
The assertion of Duchartre that Dioscorea Batatas does not twine in the dark reduces 
itself, according to de Vries’s more recent observations, to the fact that while normal 
green shoots continue to climb in the dark, they cease rotating and twining when they 
become etiolated. 

Sect. 25. — The Twining of Tendrils 1 . Under the term tendril may be 
comprised all filiform or at least slender long and narrow parts of plants which 
possess the property of curving round slender solid supports with which they come 
in contact during their growth, clinging to them in consequence, and thus at length 
fixing the plant to them. Tendrils are therefore at once distinguished from climbing 
internodes by their irritability to contact or pressure. 

Organs of the most various morphological description may assume this physi- 
ological property. Sometimes tendrils are metamorphosed branches, as in Vitis, 
Ampelopsis , Pass {flora, and Cardiospermum Halicacabum , where they may be con- 
sidered more accurately as metamorphosed flower-stalks or inflorescences. In 



Fir.. 486— Mode of climbing of Trofitrolum. minus. The long petiole a of ihr leaf / is sensitive to 
Ioiir-c unturned contact, and has clung round a support and round th*- stein of the plant itself st so as to 
fix this stem firmly to the support ; s the shoot from the axil of the leaf. 

Cuscuta the whole stem may be regarded as a tendril rather than as a climbing 
stem. In other cases, as in Clematis , Tropatolum (Fig. 486), Maurandia , Lopho - 
s per mum, Solatium jasminoides, &c., the petioles may serve as tendrils. In Fu- 
maria officinalis and Corydalis claviculata the whole of the finely-divided leaf is 
sensitive to contact, and its separate parts have the power of twining round slender 
bodies. In Gloriosa Plantii and Flagellaria itidica the mid-rib protruding beyond 
the leaf serves as a tendril. In many Bignoniaceae, in Co km scandens , in Pisum , 
See. the anterior (upper) part of the pinnate leaf is transformed into slender filiform 
tendrils inclined forwards, while the basal part of the leaf is rigid and divided 
into leaflets; sometimes, as in Lalhyrus Aphaca , the whole of the leaf is replaced 
by a filiform tendril. The morphological character of the tendrils of Cucurbi- 
tacese is still doubtful, though they must probably be regarded as metamorphosed 
branches. 


* 1 See the literature quoted in the preceding section, and de Vries, Arb. d. bot. Inst, in 
Wurzburg, I. 


3 * 
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The distinguishing properties of tendrils are more perfectly developed the more 
exclusively they serve as organs of attachment for the sole purpose of climbing, the 
less therefore they partake of the normal character of leaves or parts of the stem ; in 
other words, the more perfectly the metamorphosis is carried out. To this category 
belong especially the simple or branched filiform tendrils of the Cucurbitaceae, 
Ampelidese, and Passifloreae. A typically developed tendril of this kind is repre- 
sented in the mature state in Fig. 487, after it has seized hold of a support by its 
apex and then coiled up. What is said here refers especially to true tendrils of 
this description. 

The characteristic properties of tendrils are developed when they have com- 
pletely emerged from the bud-condition, and have attained about three-fourths of 
their ultimate size. In this state they are stretched straight; the apex of the shoot 
which bears them usually revolves, the tendril itself exhibiting the same phenomenon, 
curving along its whole length (with the exception usually of the oblique basal 
portion and the hooked apex) in such a manner that the upper side, the right side, 
the under side, and the left side become in turn convex. No torsion takes place. 
During this revolution the tendril is rapidly growing in length and is sensitive to 
contact ; r.e. any contact of greater or less intensity on the sensitive side causes 
a concave curvature first of all at the point of contact, from which the curvature 
extends upwards and downwards. If the contact is only temporary, the tendril 
again straightens itself. The degree of sensitiveness 1 is very different in different 
species; in Pas si flora gracilis a pressure of 1 milligram is sufficient to cause curva- 
ture in a very short time (25 sec.); in other species a pressure of 3 or 4 milligrams 
is required and the curvature does not take place so soon (30 sec. in Suyos) ; the 
tendrils of other species curve, when slightly rubbed, in a few minutes ; in the case 
of Dicentra thalic trifolia in half an hour ; in Smilax only after more than an hour ; 
in A mp clops is still more slowly. 

The curvature on the side which has been touched increases for some time, 
then remains stationary, and finally (often after some hours) the tendril again 
straightens itself, in which state it is once more sensitive. A tendril the apex of 
which is slightly curved is sensitive only on the concave under surface ; others, as 
those of Cvbcca and Cissus discolor , arc sensitive on all sides ; in Mutisia and 
Clematis the under and lateral surfaces are sensitive, but not the upper surface. 

While the revolving nutation and sensitiveness last the tendril attains its full size 
in a few days ; the revolving motion then ceases, and with it the sensitiveness ; and 
further changes then follow, differing in different species. In some the tendrils 
remain straight after they have completely developed and become motionless ; in 
others they become abortive and fall off, as e.g. Pignonia, Vilis, and Ampclopsis. It is 
more common for the tendrils to roll up from the apex slowly to the base, when 
growth has ceased with the concave side undermost, so that they at length form 
a spiral (as in Cardiospermum and Mutisia) or more often a helix narrowing conically 
upwards (as in Cucurbitaeeae, Passiflorece, &c.), in which state they then dry up and 
become woody. 


1 This and what follows is from Darwin, Movements and Habits of Climbing Plants (1875), 
p. 17 1 et \eq. 
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These processes must however be considered as abnormal, the tendrils having 
failed of performing their purpose of coming into contact, by means of their revolving 
nutation, with a support during the period that they are sensitive and still in a grow- 
ing state. If this contact takes place on the sensitive side, a curvature arises at the 
spot, and the tendril clings to the support ; fresh sensitive spots are thus constantly 
brought into contact with it, and the free apex twines firmly round the support; 
in a larger or smaller number of coils (Fig. 487). The nearer the spot where 
contact first takes place to the base of the 
tendril the larger are the number of revolu- 
tions round the support, and the stronger nhe 
attachment ; though even a small number of 
coils is sufficient to attach it with con- 
siderable force. The portion of the tendril 
between its base and the point of attachment 
is obviously unable to twine round the support 
like the free apex ; and therefore the irritation 
caused by the contact extending to the portion 
that is not in contact produces a different form 
of curvature, consisting in a rolling up of this 
portion into the form of a corkscrew, as shown 
in Fig. 487 //, 70, 7 V . This coiling is similar to 
that already mentioned as taking place of its 
own accord in many tendrils which do not take 
hold of a support, especially in the circum- 
stance that the under or dorsal side of the 
tendril is always the concave one ; but it differs 
from a spontaneous coiling in being always the 
result of irritation, occurring invariably when 
tendrils take hold of a support, and also in 
taking place some time (half a day to a day) 
after the attachment, at a time when the tendril 
is still perfectly sensitive and growing rapidly 
in length; while the spontaneous coiling occurs 
only with the cessation of growth and of irri- 
tability. The coiling which is the result of the 
irritation caused by contact also takes place 
much more rapidly than that which is sponta- 
neous ; both can be readily observed by noticing 
older tendrils which are still straight and have 
not attached themselves, and younger ones on the same shoot that are attached and 
already coiled up. The coiling of tendrils attached to supports is therefore a result 
of stimulation in the same sense as the twining of the free portion round a support ; 
and it is only the physical impossibility of also twining round the support that forces 
the portion of the tendril between its base and the support to coil up like a cork- 
screw. The coiling of this intermediate portion, like the curvature of a longer piece 
of a tendril in consequence of the contact of a single point, is a proof that the local 

3 k 2 



Hi. 48; — Coiling nf a tendril of Riyanta rfioira. P a 
portion of the branch from which the tendril springs by 
the side of the petiole (> and the axillary bud k, the 
lower part of the tendril u is straight; the upper part a 
has toiled round a twig A; the long intermediate 
part between the rigid basal portion u and the point of 
attachment v has coiled spirally, ard thus mist'd tin* 
branch H. w w* the two spots where the direction of the 
coil is reversed. 
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irritation is communicated along the tendril. The whole consequence of irritation 
does not however end with these phenomena ; for tendrils that are fixed to a sup- 
port also increase subsequently in thickness, sometimes very considerably, like the 
petioles of Solatium jasminoidcs ; they become woody, and have a longer term of life 
than those which have coiled spontaneously, or generally than those that have not 
attached themselves. 

There is still another point in which attached tendrils differ from those that 
have coiled spontaneously. In the latter all the coils of the spiral run in one direc- 
tion ; those of a tendril attached to a support have, on the contrary, points (Fig. 487, 
zv y w) at which the direction changes ; between any two of these points is a number 
of coils in the same direction, those beyond them being in the opposite direction ; in 
long tendrils with close coils there are often as many as five or six of these points. 
Darwin has already shown that this is no special property of tendrils, and still less 
a specific result of irritation, but is rather a physical necessity; for if a body which 
coils up is fixed at both ends so that no twisting can take place at either end, the 
coils must Necessarily be produced in opposite directions in order that the torsions 
which are unavoidably produced may counterbalance one another. This behaviour 
of fixed tendrils can be imitated by cementing a narrow stretched strip of india- 
rubber firmly along another strip which is not stretched, and then releasing the 
former ; it contracts and forms the inside of a spiral, the outer side of which is 
formed by the strip that is not stretched. If the double strip is held at each end 
and first stretched out straight and then relaxed, coils will be produced, some to the 
right, others to the left, as in a tendril. If one end is now let go, the strip will twist 
itself anew into a spiral. 

Since all the movements of tendrils that have been described are the result of 
growth, they take place only when the external conditions of growth are favourable, 
and the more energetically the more favourable they are ; this is the case when food 
is abundant, temperature high, and the plant contains abundance of sap, the result 
of a copious supply of water combined with small loss by transpiration. Under 
these conditions tendrils can, as I have shown, carry on their nutation and sensitive 
movements even in the dark, and can twine and coil round supports. An instance 
is afforded by plants of Cucurbita Pcpo , the upper parts of which are grown in a 
dark vessel, and which are nourished by green leaves exposed to light. 

As regards the mechanism of the curvatures caused by contact, as well as the 
coiling of free tendrils, it cannot be doubted that we have here to do with processes 
of growth and of its alteration by transverse pressure on the side which is growing 
less rapidly. The tendrils are only sensitive to contact or pressure so long as they 
are in a growing state. A curvature due to irritation may be effaced during growth, 
in the same manner as the curvature of growing shoots caused by concussion ; but 
if the irritation from the support lasts for a longer time and a coiling takes place, 
the difference in length between the convex and concave surfaces becomes per- 
manent. The cells of the convex are longer than those of the concave surface (as 
in roots which have curved downwards or nodes of Grasses which have curved 
upwards); in thick tendrils which coil round slender supports the difference in 
length is so great that it strikes the eye at once without measuring. De Vries’s 
recent experiments on tendrils that have not yet coiled, which he marked with trans- 
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verse streaks and measured after they had coiled, show that the growth of the con- 
vex surface is more considerable, that of the concave surface less so than in the 
portions of the same tendril that have remained straight above and below the curved 
part. A tendril of Cucurbiia Pepo twined round a support 1*2 mm. thick; after the 
curvature was complete, the increment of the curved part for each millimetre of 
original length was 1*4 mm. on the convex surface, while on the concave surface 
it was only o-imm. ; the mean increment on both surfaces in the portion that 
remained straight amounted to 0*2 mm. If the growth which takes place in the 
entire tendril rt the time of contact with a support is small, a considerable accelera- 
tion occurs on the convex surface, but in general there is no elongation on the 
concave surface, or there may even be a contraction ; in the case of a tendril of 
Cucurbiia this contraction amounted to nearly one-third of the original length. 

Similar alterations in the length of the convex and concave surfaces are observ- 
able in the spontaneous coiling of free, as well as in the coiled portion of attached 
tendrils between the base and the point of attachment ; and since in these cases 
the amount of growth which takes place in the entire tendril is usually small a short 
time previously, the contraction of the concave surface is, according to de Vries, a 
very common phenomenon. 

The conclusion to be derived from these phenomena and from others not 
described here is that the growth of the surface not in contact is first of all increased 
by the pressure of the support; the support presses the surface that is in contact, 
and the pressure which the concave surface undergoes arrests its growth, or even 
causes a contraction in it. It seems probable that a relaxation of the parenchyma 
of the surface in contact (by giving off water to the parenchyma of the upper sur- 
face) and a consequent elastic contraction of its cell-walls contribute to this result ; 
at least this seems the only explanation of the contraction of the surface in contact 
in the case of tendrils the growth of which has already become slow. Wc have 
however as yet no knowledge of the mode in which the slight pressure of a light 
thread or that of the revolving, tendril on a support causes this alteration of growth 
not only at the point of contact, but along the entire tendril. 

The only cause of the spontaneous coiling of tendrils when not fixed to a sup- 
port is that the upper surface continues to lengthen for a considerable time after 
the growth of the under surface has ceased. The cells of the growing upper sur- 
face probably withdraw from those of the under surface a portion of their water (as 
the inner layers of the pith from the outer layers, see p. 805), which causes the 
latter to become shorter, and the former to become longer. 

Without entering further into the numerous questions of a purely mechanical 
character connected with the curving of tendrils, it may at least be explained why 
thick tendrils are unable to twine round very slender supports. If two tendrils are 
compared one of which twines round a slender, the other round a thicker support, it 
will be seen that in the former the proportional difference in length of the outer and 
inner sides must be greater than in the latter. If a thick and a slender tendril twining 
round supports of equal thickness are compared, the proportionate difference in 
length of the outer and inner surfaces will be greater in the former than the latter case; 
and if the support is supposed to decrease constantly in thickness, the difference will 
increase more rapidly in the case of the thick than in that of the slender tendril, and 
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the question arises whether the difference in growth of the two surfaces of the tendril 
can reach to any given amount or not. The difference in length between the two 
surfaces caused by unequal growth has, in fact, a limit, as is shown by experiment. 
The slender tendrils of Pass (flora gracilis twine firmly round threads of silk; the 
thick tendrils of the Vine on the other hand twine only round supports which are at 
least from 2 to 3 mm. thick. The most strongly curved tendril of a Vine which 
I could find had twined firmly round a support 3*5 mm. thick, and in a nearly circular 
coil ; the mean thickness of the tendril at this spot was 3 mm. The concave surface 
of a coil was nearly 11mm., the convex outer surface nearly 29 mm. long, the 
proportionate length of the two surfaces therefore nearly as 1 : 2*6. Tf this tendril 
3 mm. thick were forced to twine round a support only 0*5 mm. in thickness, an 
almost circular coil would have on the concave surface a length of i*6mm., on the 
convex surface a length of 20*4 nun.; the relative length of the two surfaces would 
therefore be as i : 13; and it does not seem possible for growth to cause so great 
a difference in length between the two surfaces of a tendril. If, on the other hand, 
the probler> were to cause a tendril 0 5 mm. thick to twine firmly round a support 
of the same thickness in nearly circular coils, it would only be necessary that 
the inside of a coil should be rfimm,, the outside 4*7 mm. long, or that the pro- 
portion between the two surfaces should be as 1 : 3. 

In order for a tendril to attach itself firmly to a support, it is not sufficient that 
its coils should merely be in contact with it; they must be firmly appressed to it. 
T hat this is actually the case is seen when a tendril is made to twine round a smooth 
support, and the support is then withdrawn ; when, as de Vries has shown, the coils 
become at once narrower and increase in number. This fact shows also that a 
tendril which is irritated by contact with a support endeavours to form coils the 
radius of whose curvature is less than that of the support, provided the support 
is not too slender nor the tendril too thick. 

The cases are very instructive, in reference to the pressure which the coils of 
tendrils exercise on their supports, where leaves are embraced by strong tendrils, and 
are folded and compressed by them. 

What has now been said is merely intended to draw attention to the more important 
mechanical principles which must be taken into account in the twining of tendrils. 
The biology of climbing plants and of those furnished with tendrils, so fertile in extra- 
ordinary adaptations, cannot be gone into in detail. On this subject the reader will 
find in Darwin’s treatise quoted above a mass of beautiful observations most admirably 
described. 

Since the physiological function of tendrils is to take hold of supports (generally 
other plants) in order to allow the slender-stemmed plant which is furnished with them 
to climb up, the point of greatest importance is for the tendril to be brought into con- 
tact with a support. This is usually effected with extraordinary perfection by the 
revolving nutation not only of the tendril itself but also of the apex of the shoot that 
bears it at the time when it is sensitive, thus causing every object anywhere within reach 
of the tendril which could he used as a support to be brought almost inevitably into 
contact with it. The apex of the shoot which bears the tendril usually describes an 
ascending elliptic helix, the revolution being completed in from one to five hours. As in 
the case of twining stems, a strong positive heliotropism would be injurious, as it would 
often carry the tendril away from the supports. Some tendrils appear in fact to be 
not heliotropic (those of Pimm according to Dai win), in others a weak positive helio- 
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tropism is shown by the fact that the revolving nutation takes place more quickly 
towards the light than away from it. Some tendrils, strikingly those of the Virginian 
Creeper and Bignonia capreolata, have the remarkable power of developing broad discs 
at the end of their branches when they remain in contact for some time with hard 
bodies, which attach themselves like cupping glasses to rough surfaces, and enable the 
plant to climb up vertical walls when it finds no slender support round which it can coil. 
In this case it is obviously necessary that the tendril should turn towards the wall which 
serves as its support in order to become attached to it, and this is effected by negative 
heliotropism, which causes the tendril to approach the wall shaded by foliage, where it 
now performs its revolving movements of nutation — one might almost say its groping 
movements — creeps along the surface, finds out the crevices and depressions, and 
developes its adhesive discs. 

Sect. 26.— Movements of growing Leaves and Floral Organs produced 
toy variations of Light and of Temperature 1 . In the foregoing paragraphs we 
have become acquainted with the movements of curvature of growing organs which 
take place when the external conditions are constant, movements which arc pro- 
duced by the more rapid growth of the one or of the other side of the organ under 
the action of purely internal causes. These movements were termed 1 spontaneous 
nutations/ Amongst the organs endowed with spontaneous nutation we found that 
tendrils are peculiar in being sensitive to contact on one side and in that the slight 
pressure of the support induces a more rapid growth of the free surface, and a much 
less rapid growth of the surface with which it is in contact. Many growing foliage- 
leaves and floral organs, possessing, like tendrils, a bilateral organisation, are stimu- 
lated to curve by variations of temperature or of the intensity of light, the growth of 
one side or the other being either accelerated or retarded. 

It is not all growing leaves and flowers that are sensitive to these meteorological 
influences ; among plants which are very closely allied some do and some do not 
possess this property. Pfeifer mentions, as examples of sensitive growing leaves, in 
addition to the very sensitive leaves of Jmpaliem nolilangere , those of Ohenopodiece, 
Atriplicex, Solaneae, Mimtdus ligrinus , Rtirabilis Jalapa , of species of Silenc and 
Alsitic, and of many Composite; to this list Batalin adds Malva rotundifolia , Oeno- 
thera Portulacca oleracca , Linutn grand ijlornm , S/el/aria media , Gnaphalium uligi- 
nosum , various species of Polygonum, Senecio vulgaris, Sida A r ap<ea , Rumeax Hydrola - 
pallium , 1 pom tea purpurea , and Prassica oleracca, and doubtless further investigation 
will increase the number. The movements of these leaves are not effected by means 
of special organs, but it is the petiole or the lower part of the lamina of the leaf 
which curves, under the meteoric influences, upwards or downwards accordingly as 
the growth in length of the upper or of the lower surface has been accelerated by 
them. The mode of antagonism of the two sides of the bilateral organ is different 
in different species: in some the leaves arc raised at night, as in Chenopodium , 
Prassica , Polygonum aviculare , Slellaria , JAnum , in others the leaves fall, as in 


1 Pfcffer, T’hysiologischc Untersuchungen, Leipzig 1873, and SiUungsbcr. tier Cles. ztir Bcford. 
dcr ges. Naturwiss. zu Mai burg, 1S7 3. — Batalin, Flora, 1K73. 

[Pfeifer, Die iVriodischen Bcwcgungcn der Blattorganc, 1875. — Darwin, Movements of Plants. 
— Wie slier, Die heliotropische Erscheinungon, 11 .] 

In these works full references aie given to the older literature of the subject. 
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various species of Impatiem , in Polygonum Convolvulus , and in •S1VA1 Napcea . The 
amplitude of these curvatures which follow the alternation of day and night appears to 
increase and diminish with the increase and the diminution of the rapidity of growth. 

‘ In young leaves,’ says Batalin, 4 the curvatures are the greatest, and in Chenopodium 
and Siellaria , for example, they go so far that at night the young leaves close 
to form very large buds : the older leaves curve but little, the oldest not at all/ 

Among floral organs it is more especially the movements of the petals and of 
the tubes of gamopetalous flowers which have attracted attention; no movements 
which could be included in this category are known to occur in stamens or styles. 
The movement consists in the curvature of the petal or of the segment of a corolla 
outwards at certain times of the day and inwards at others, in such a way that in the 
ordinary course the flower opens and shuts once in a day. The opening occurs 
usually in the morning or during the day when the intensity of light and the tem- 
perature are increasing, the closing towards evening when light and heat are diminish- 
ing, although the contrary is sometimes the case. In the Composite the movements 
of the individual flowers effect not so much their own opening and closing as that of 
the whole capitulum. 

Among the very numerous instances of motile flowers the following have been 
more particularly investigated: Crocus, Tulipa , Cole hi cum, Ornilhogalum , Anemone , 
Ranunculus , Nymphaa , Alalope , many Composite, especially Taraxacum , Leontodon , 
Scorzonera , Hicracium , Calendula , Vcnidium , Beilis , &c. 

As in the case of leaves so here there are no special motile organs, but certain 
parts of the corolla continue to grow for a considerable time and are stimulated by 
meteoric influences to a more rapid growth either of their upper or their under 
surface (or internal and external), which effects the opening or closing of the 
flower. The region of curvature usually lies in the basal half of petals, but in Oxalis 
rosea in the upper half. Among the Composite with ligulate corollas there are 
some in which the motile zone lies immediately above the tube at the base of the 
ligulate corolla ( Vcnidium , Beilis , Calendula ), whilst in others, such as Taraxacum , 
Jxontodon , &c., the tube itself undergoes curvature ; in both cases the centre of the 
capitulum is the centre of the movements which take place inwards or outwards 
along radii proceeding from it. 

All the movements which are now under consideration agree in this respect, 
that the plane of curvature of the organ (leaf, petal, tube) coincides with its median 
plane, which is also the plane of symmetry, since it is the two sides of the organ 
which are different, that is the anterior and the posterior, which produce the curva- 
tures in consequence of the different way in which they react to the influence 
exercised upon them by variations of light and of temperature. 

The following paragraphs give an account of the mechanism of the movements 
produced by variations of light and of temperature, taken from the exhaustive 
researches of Pfeffer with some additions from Batalin. 

1. The movements which are now under consideration differ from the periodical 
movements and the movements due to stimulation which are manifested by leaves 
possessing motile organs, in that they only take place so long as growth continues, 
and that they cease with it. 

2. The) are effected in consequence of a more vigorous growth of the internal 
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(upper) surface of the organ due to an increase, within certain limits, of the tempera- 
ture or of the intensity of light ; when the temperature and the intensity of light are 
diminishing the growth of the external surface is greater than that of the internal. 
In the former case the curvature is convex inwards (opening), in the latter it is 
convex outwards (closing 1 ). This is of course only the case when the diurnal condi- 
tion of the organ is the open one ; when the contrary is the case the mctebric 
influences affect the internal and external surfaces in just the opposite way. 

3. The curvature of the growing organs which are sensitive to meteoric in- 
fluences is not effected like that of fully-developed motile organs by an alternating 
expansion anti contraction of the tissue, but by an alternating more vigorous growth 
of one side and then of the other, so that the organ, whilst making these move- 
ments, continues to increase in length. This by no means excludes the possibility 
of a slight shortening of the concave side occurring temporarily just as in the case of 
growing tendrils and of geotropifcally curved stems and nodes of (brasses. 

4. Many of the organs now under consideration are especially sensitive to 
changes of temperature, others to variations in the intensity of light. Many 
are affected by very slight variations, others are less sensitive, and thus form a 
connection with those leaves and flowers which exhibit no such movements. In 
many cases each variation of temperature or of light has an immediate effect, in 
other cases the effect is produced only after the lapse of a considerable time since 
the last movement. 

5. From the various differences mentioned in the preceding paragraph it 
becomes evident why certain flowers (and leaves) open very early in the morning, 
and others only later in the day ; and why it is that some are affected by every 
change of weather, whereas others complete their daily period with great exactitude. 

If we ask, finally, what the biological meaning of these phenomena may be 
in the economy of the plant, it is not easy at present to give any satisfactory answer 
in so far as leaves are concerned The opening and closing of flowers, however, 
has an obvious connection with the process of pollination 8 ; the flowers which are 
open by day are visited by the winged insects which effect pollination, and their 
closure in the evening, or during cold damp weather during the day, serves as 
a protection to the pollen in the anthers. Like many similar useful adaptations, 
these can be icadily explained on the Darwinian theory, since they depend upon 
the further development of properties which belong also to allied plants but are less 
developed in them, and are not accompanied in them by corresponding collateral 
arrangements. _ 

1 In order to be able to apply the expressions ‘opening’ and ‘shutting’ to foliage leaves these 
organs may be regarded as standing on a short axis or even as being in the bud. 

a [Darwin includes these movements of leaves, as well as those described in the next chapter, 
under the head of nyctitropic or sleep-movements. The object of the closing up of the leaves at 
night is, he believes, to diminish the radiation from them and thus to prevent injury due to an 
excessive fall of their temperatuie. In addition to the nightly sleep there is a diurnal sleep ( Para - 
heliotrapMn of Darwin), in which the leaves present their margins to the incident light; the object 
of this is to protect their chlorophyll from the action of too intense light. ^Scc Darwin, Move- 
ments of Plants, p. 445. — Wiesncr, Die natiirlichen Einriehlungen zum Sehutze des Chlorophylls, 
Wien 1876. — Stahl, Ueb. sogennante Compasspflanzen, Jena 1881).] 

3 [On the protection of the pollen from the influence of the weather, see Kerncr, Die Schutz- 
xnittel des Pollens gegen die Nachtheile vorzeitiger Dislocation und Bufeuclitung, Innsbruck 1873] 
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(a) The most important result of Pfeifer’s researches is doubtless the establishment 
of the fact that these movements depend not upon alternate expansion and contraction 
of the tissue, as was formerly thought, but upon modifications of growth. We must 
therefore distinguish between these movements and those of special organs which are 
no longer growing, and we may classify the former along with heliotropic and geotropic 
curvatures and with the movements of tendrils. It must not, however, be forgotten that 
all those external and internal conditions which increase or diminish the turgescence of 
the tissues must also accelerate or retard growth ; hence it follows that the same causes 
which modify the state of tension of a fully-developed organ may also modify the growth 
of organs which are still growing. If this takes place to a differing extent in the two 
sides of a bilateral organ, movements produced by growth will be exhibited. It might 
be suggested that all the movements of curvature treated of in this and in the fol- 
lowing chapter should be considered together. I quite agree with this suggestion as 
far as it goes, but an account contained in a text-book must possess clearness and 
precision, above all things, in the arrangement of the matter in hand. In the present 
incomplete state of our knowledge of the movements of curvature, these objects will be 
best attained if those movements which are results of growth be sharply separated from 
those which are independent of growth. 

(b) A*J regards Leaves the following may be appended to the account previously given. 
In order to demonstrate that each upward and downward movement of the leaves of 
Cbcncf odium album is accompanied by an increase in length, Batalin fixed a straw seven 
or eight centimetres long as an indicator to the base of the lamina of a leaf attached to 
a stem which had ceased to grow; the indicator projected laterally from the leaf and its 
movements were recorded b) a tracing made by its free end upon a surface of sooted 
paper. It became apparent that the curves described by the point of the indicator cor- 
responding to each upward and downward movement did not coincide, but formed a 
zigzag line tending away from the stem. 

According to Pfeifer, the leaves ot lmpatiens % Cbcnopodium , Nicotian a, and Wigandia 
exhibit, when in continuous darkness, a movement resembling that of the ordinary daily 
period, but this periodic movement docs not continue for any length of time. The 
circumstance that the movement takes place, under these conditions, with the same 
intervals of time as in the ordinary period when the plant is exposed to the alterna- 
tion of day and night, opposes the assumption that the movement is due entirely to 
internal causes, that is, that there is any ‘independent periodicity.’ On the contrary, 
Pfeifer is inclined to assume that we have in this an instance of persistent effect whereby 
those movements are produced in total darkness which had been previously brought 
about by the daily alternation of light and darkness. These movements, produced by 
persistence of effect, arc accompanied by the growth of a particular side at a particular 
hour. It is not certain if, in addition to this, spontaneous nutations take place at shorter 
intervals of time. 

From Pfeifer’s manuscript I take the following. When motile leaves are placed in 
the dark an acceleration of the growth of both sides is the result, just as greater 
turgescence and tension of the tissues is produced in the motile organs of leaves which 
have ceased to grow ( Mimosa, Papilionacea*). 

A slight shortening of the side which is becoming concave may occur, as in the case 
of the geotropic curvature of the nodes of Grasses and of the curvature of stimulated 
tendrils. 

The property in virtue of which the leaves respond by an acceleration of growth 
to exposure to darkness is gained by previous exposure to light, but quite indepen- 
dently of assimilation. Leaves of Impat'nns nolitangere make a distinct movement when 
replaced in darkness after an exposure of five minutes to light, and alter an exposure of 
ten minutes the movement is well-marked. Growth is accelerated when the plant is 
replaced in darkness and takes place with greater rapidity than if the plant had remained 
continuously in the dark. The leaves of other plants ( Sieges bcc bin, Cbtmpodium) require to 
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be exposed to light for a longer time in order that a movement may take place when 
they are again in darkness. Each movement produced by darkness is followed by a kind 
of rebound ; thus the downward curvature of the leaf of Impatient is followed by a rise. 
The rise takes place more quickly in the light. 

The rigidity of the leaves of Impatient is not materially affected by their assuming the 
nocturnal position. 

A rise of temperature at 3 a.m. distinctly accelerated the assumption of the diurnal 
position by the leaves of Impatient , but it seemed to have little or no elfect upon other 
meteorically sensitive leaves ( Chenopodittm ). 

(, c ) Flowers (a). PfefTer made measurements to ascertain the amount of growth 
during curvature upon flowers which perform movements at all times in consequence 
of slight changes of temperature (see infra). He found the Croats (vernus and luteus) 
to be especially adapted for this purpose. In this flower the zone of curvature of the 
six segments of the perianth lies above their separation from the tube, and occupies 
from one-fourth to one-sixth of each segment of the perianth. A portion of this zone 
about 3 mm. in length is especially capable of curvature, and upwards and downwards 
from this the capacity gradually diminishes. Black marks were made upon the most 
motile portions to serve as a means of measurement. The measurements were made 
with a magnifying power of eighty diameters. One division of the micrometer eye-piece 
was equivalent to 0*0076 mm. The following table may serve as an illustration : — 

Crocus vermis. 

Lengths of the marked portion. 

On the external surface. 

Closed. Open. 


2 1 ^ divisions. 

2 1 4 divisions. 

217 

tt 

218 

ft 

187 

tt 

J 88 

>» 

209*5 

» 

2 1 O 


1 96 

tt 

196 

>? 


On the 

internal surface. 


2 l 4’5 

tt 

220 

tt 

1 8 1 

tt 

185 

tt 

208 

tt 

2 ro*5 

tt 

205 

tt 

212 

tf 

i 9 i ‘5 

tt 

196*5 

tf 


In the closed position, the portion measured was nearly straight; in the open position, 
it was concave outwards, the curvature having a radius of from 15 to 30 mm. 

These and other measurements made upon Tulipa , Oxalit , Taraxacum , Leontodon y and 
Venidium show that the side towards which the movement takes place undergoes no 
perceptible elongation, whilst the other side increases considerably in length. 

It is possible, in the case of Crocus , to remove the epidermis of one side and to 
determine that the same movements are effected as before in consequence of varia- 
tions of temperature. This took place even when the epidermis of both sides was 
removed. The negative tension and the elasticity of the epidermis therefore play 
but an unimportant part in producing the movement. 

The growth of the motile zone is by no means at a standstill when the flowers 
are not performing any movements ; on the contrary, it is continuing slowly and 
uniformly in the two antagonistic halves, and may be retarded or accelerated in either 
half at any time by a variation of the temperature or of the intensity of light: a 
movement (curvature) will of course be the result. 

( 0 ) The effect of Variations of Temperature may become apparent at any time in 
many flowers, such as those of Crocus and of Tulipa. Tf they be placed first in a cold 
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and then in a warm atmosphere, it is easy to observe that an increase of temperature 
causes a movement of opening, and a decrease a movement of closing. Pfeffer succeeded 
in making a Crocus flower open and close eight times in one day. The opening is more 
complete if the flower has remained closed for a considerable time, and vice versa . 
Particularly sensitive Crocus flowers will open or close in as few as eight minutes in 
consequence of a variation of temperature amounting to 5 0 C. : a variation of from 
12 0 to 22° C. will cause it in three minutes. Immersion in warm or cold water has 
the same eflcct. It is possible to ascertain, by appropriate arrangements, that Crocus 
flowers are sensitive to a variation of 0*5° C. Flowers of Tulips are not so sensitive, 
but they will react to a variation of 2 0 C. A reversed variation of temperature is not 
immediately follow ed by a reversal of the movement ; this continues for some time before 
it exhibits the effect of the more recent stimulus. The lower limit at which variations of 
temperature will still induce movements lies, for the Crocus, above 8° C., according to 
Pfeifer. The flowers of Leontodon hastilis , Hieracium vulgalum , Scvrzonera hispanica, and 
of Oxalis rosea , open between 8° and io° C., w'hilst between T and 3 0 C. they remain 
closed in the light. 

When a certain maximum of temperature is exceeded, a partial closure of the flowers 
of Crocus and of Tulip a begins, although previously the opening had become more com- 
plete with 'every rise of temperature. These phenomena are rendered intelligible by 
Sect. 19. 

Pfeifer mentions, after Crocus and Tulipa, the flowers of Adonis vernalis, Ornithogalum 
umbd latum, and Colchicum autumnale , as being very sensitive to variations of temperature; 
and in a less degree those of Ficaria r attune ul aides. Anemone nemorosa, and Malope trijida , 
all of which perform movements at any time of the day in consequence of variations 
of temperature, the more energetically the longer the period since the last movement. 
This is very evident in Nymphtpa alba , Oxalis rosea and valdivtana , Mesembryanihemum 
tricolorum and echinatum , and in all motile flowers of Composite. When these have 
closed in the evening a rise of temperature from io° to 28 s C. produces scarcely 
any opening; in the morning, on the contrary, a rise of temperature causes them to 
open even in the dark. 

(y) The action of Light. Sudden obscurity suffices to cause the closure of open 
flowers. Evident closing was observed in Calendula officinalis. Leontodon hastilis, and 
in Venidium calendulaceum, when the flowers, which had fully opened in diffuse daylight, 
were placed in darkness from eleven to twelve o’clock in the morning; the temperature 
varied between 19° and 20 " C. In the afternoon, alter longer exposure to light, the 
closing consequent upon sudden obscurity is more marked. It appears also in the 
case of Composite and of Oxalis, that a sudden increase of the intensity of light 
causes a more vigorous opening if the flowers have been previously kept in darkness 
for a considerable time. The motile organ reacts the more vigorously to variations 
in the intensity of light, as also to variations of temperature, the longer the time since 
the occurrence of the last movement due to a stimulus acting in the opposite direction. 

According to Pfeffer, it is only darkness which accelerates growth ; but a consi- 
derable time must elapse before the acceleration is perceptible in one (the inner) of 
the two antagonistic masses of tissue. At the same time this side becomes compressed 
by the other. 

It appears from Pfeifer’s manuscript that as in the case of leaves so in flowers which 
are motile and which are sensitive to variations in the intensity of light, a persistent effect 
may be observed of such a kind that the daily periodicity of movement brought about by 
the alternation of day and night will continue to be manifested for some time in 
continued darkness. An instance of this is afforded by Tolpis barbata . The ligulate 
peripheral flowers of Beilis perennis curve outwards between seven and eight o’clock in 
the morning in August (at a window hieing south), and close between live and six o’clock 
in the evening. In obscurity, the opening begins one or two hours later, and the closure 
at night is incomplete. The flowers of Taraxacum officinale , J Leontodon hastilis , and of 
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Barkbausia rubra , placed in the dark towards evening and allowed to remain there, 
only half-opened on the following day, and remained partially open during the night. 
On the second day the movements were much feebler. These movements could not be 
attributed to variations of temperature. 

(S) The differing sensibility of leaves to variations of temperature on the one hand, and 
to variations in the intensity of light on the other, is evident from Pfeffer's statements. 
The flowers of Crocus and of Tulipa which are so very sensitive to variations of tempera- 
ture, close in consequence of sudden obscurity, and open when exposed to light, with 
an energy which is sufficient to overcome the counteracting effect of a temperature- 
stimulus. Considerable variations of temperature may however reverse the opening or 
closing effected by light or darkness. In Oxalis , Nymphtra alba , Taraxacum , and 
Leontodon ha stilts , however, the closing in the evening cannot be prevented by a rise of 
temperature, and a fall of temperature does not arrest the opening in the morning. 
But if these flowers be kept in darkness during the day-time, they may be made to open 
in the evening by a rise of temperature. It is necessary, in order that this opening 
may take place, that a considerable time shall have elapsed since the occurrence of 
the stimulating effect of darkness. 

The conditions which are here stated explain why it is that many flowers growing 
in the open manifest an exact daily periodicity, whereas others open and close at all 
periods of the day in consequence of sudden changes of the weather. 

It must be mentioned, in conclusion, that many flowers close in consequence of an 
excessive intensity of light, as they do when the heat is too great. Thus Oxalis 
• vald'rviana , Calendula , Venidium , and others close when direct sunlight falls upon them. 
However, it is still uncertain whether the light or the heat is the active cause. 

(c) It is scarcely possible at present to formulate a brief general explanation of the 
phenomena exhibited by leaves and flowers which are sensitive to the action of meteoric 
influences, for we do not fully understand the internal changes effected by these stimuli 
nor the mutual relations of the two antagonistic halves of the organ. It is important to 
discover whether a variation of temperature or of light acts in each case upon both the 
antagonistic halves in contrary ways, or if one side only is sensitive undergoing changes 
which affect the other side indirectly, as occurs in the case of the sensitive motile organs 
of Mimoscic and probably also in the case of twining tendrils. 

As a general result, it is to be remembered that each variation of temperature and 
of light acts the more energetically as a stimulus the longer (within certain limits) the 
time which has elapsed since the action of the last stimulus in the contrary direction. 
The matter may be put thus: a difference, which disappears at a later period, is pro- 
duced between the upper and the lower side of a growing organ by each stimulus due to 
temperature or to light ; the more nearly this difference has disappeared the more easy 
it is for a fresh stimulus to produce an effect, that is to produce again a difference 
between the upper and the lower surface, or, in other words, to cause a movement or 
a curvature. 
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PERIODIC MOVEMENTS OF THE MATURE PARTS 
OF PLANTS AND MOVEMENTS DEPENDENT 
ON IRRITATION. 

Sect. 27. — Introduction \ The greater number of the movements which are 
brought in play during growth — as the curvatures caused by heliolropism or geo- 
tropism or by the pressure of supports on tendrils ’and climbing plants produce 
new permanent conditions, since it is growth that is modified. It is only when the 
action has been a very transitory one that heliotropic or geotropic curvature or that 
of tendrils due to irritability can again be effaced by further growth. During these 
processes the organ is advancing towards maturity; the changes which have not 
been effaced are therefore, as it were, stereotyped. 

The case is quite different with the changes now to be described. They take 
place in organs whose growth is completed, but whose structure allows the tissues 
to assume different conditions which alternate under the influence of external or 
internal causes. 

In those movements which occur during growth the tension of the tissue is 
concerned only so far as any change in it reacts on growth and modifies it. Periodic 
movements and those due to irritation, on the contrary, depend entirely on changes 
in the tension of the tissues, which, in this case, are fully developed only when the 
organ has attained maturity. These alterations of the tension of the tissues do not 
however induce new permanent conditions, but can be effaced ; every change is 
again reversed by internal forces, and the previous condition restored so long as 
there has been no structural injury. 

Various objections might be raised to the distinction drawn between the move- 
ments exhibited by growing organs and those performed by organs which have 
ceased to grow. It might be argued that motile organs begin to be irritable and to 
perform movements whilst they are still growing. In reply to this it may be urged 
that the motility persists after growth has ceased, and that it is only then that it is 
fully developed, whereas the motility of the organs considered in the previous chapter 
ceases wiili growth. A possible objection is that the motile organs under consider- 
ation have nol ceased to grow, as a matter of fact, at the time when they are 
especially irritable and in periodic movement, for they are capable, when in this 


1 [Pfeffer, Physiologische Untersuchungen, 1873; id., Die* pcriodischcn Bewigungen der Blatt- 
organe, 1875. Darwin, Movements of Plants, 1880.] 
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condition, of curving geotropically and heliotropically. 1 observed both these sets 
of phenomena, for example, in the motile organs of Phaseolus , and in the irritable 
filaments of the Cynarese. These heliotropic and geotropic curvatures are necessarily 
accompanied by growth. To meet this it may be pointed out, (i) that the periodic 
movements and the movements due to irritation which we are now considering arc 
not dependent upon growth but upon an alternate contraction and dilatation of the 
cells; (2) that there are other organs which are also capable of renewed growth 
under abnormal conditions after their growth under normal conditions has ceased. 
We found this to occur in the nodes of Grasses. When these have ceased to grow 
in the erect position, they exhibit sharp geotropic curvatures due to a vigorous 
growth of the lower surface when they are placed horizontally. The periodically 
motile and irritable organs evidently possess the same property. They are not only 
irritable and periodically motile after their growth under normal conditions has 
ceased, but they are capable of renewed growth under abnormal conditions. The 
conditions arc abnormal when light falls upon these organs from one side only, or 
when they are placed in an unusual position which is more or less nearly horizontal ; 
then heliotropism and gcotropism are brought into play. 

Now that sufficient stress has been laid upon the distinction between organs 
which are motile while growing and organs which are motile after they have ceased 
to grow, the points of resemblance of the two may be considered. The first of 
these is the fact that for each kind of movement which is exhibited by the special 
motile organs, a corresponding kind may be observed in growing organs. Thus, 
the spontaneous periodic movements of the former correspond to the spontaneous 
nutations of growing stems, leaves, tendrils, and flowers. The variations of tempe- 
rature and of the intensity of light which act as stimuli upon the former, by increas- 
ing or diminishing the turgcsccnce of the tissues, also affect many growing leaves 
and cause fi owners to open or shut, by accelerating the growth of one side or the 
other. The motile organs of Mimoseae, Oxalidcse, and Cynarcx 4 , which are sensitive 
to contact, correspond to the growing tendrils and roots which arc sensitive to 
pressure. 

This comparison tends to show that the causes which induce contraction and 
dilatation of the cells of motile organs by modifying their turgidity, may also retard 
or accelerate the growth of growing organs. The deeply-seated connection be- 
tween these phenomena will become evident if what w as said in Sect. 14 as to the 
causes of growth be compared with the following account of the causes of the 
periodic movements and of those clue to stimulation. According to my theory, the 
hydrostatic pressure which the cell-sap exercises, in consequence of its increase in 
quantity by endosmosis, upon the extensible cell- wall, is an essential condition of the 
growth of the cell ; fresh solid matter is deposited between the miccllx of the 
stretched cell-wall, it therefore grows, and thus growth is a perpetual over-stepping 
of the limit of elasticity of the stretched cell-wall. Everything which increases the 
turgcsccnce of the cell promotes its growth, everything which diminishes the tur- 
gescence is prejudicial to its growth. If these effects are produced in different 
degrees upon the two sides of a growing organ, corresponding curvatures will be 
produced. If these effects are produced in a mass of tissue the cell-walls of which 
have ceased to grow but are very extensible and very perfectly elastic, an increase of 
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turgidity will cause an expansion, a diminution of turgidity will cause a contraction 
of the mass of cells, and these changes in volume will be accompanied by corre- 
sponding curvatures of the organ. The conditions which modify the turgcscence of 
growing cells may be identical with those which modify the turgidity of cells which 
have completed their growth ; in the former case every variation of turgescence 
involves an alteration of the volume of the cell which is made permanent by growth, 
in the latter case the alteration of volume is only temporary, and can be effaced by a 
variation of the turgidity in the opposite direction. From these considerations it 
becomes apparent that the study of the phenomena of movement will contribute to 
the development of a mechanical theory of growth, and vice versa. 

Sect. 28. Beview of the phenomena connected with periodically 
motile and irritable parts of plants. It is remarkable that all organs at pre- 
sent known as coming under this category are, in a morphological sense, foliar 
structures, as green foliage-leaves, petals, stamens, or occasionally parts of the carpels 
(styles or stigmas). It is the more striking that no axial structures or parts of stems 
are contractile in this sense, because the contractile parts of leaves are usually cylin- 
drical, or at least are not expanded flat, and therefore possess the ordinary form of an 
axis. There is this further agreement in the anatomical structure of all parts which 
exhibit these phenomena; — that a very succulent mass of parenchyma envelopes 
an axial fibro-vascular bundle or a few bundles running parallel to one another; 
the elements composing these bundles being only slightly or not at all lignified, and 
therefore remaining extensible and flexible, a fact of importance in reference to 
the possibility of the movement, which consists of flexions upwards and downwards, 
generally in the median plane of the organ, the fibro-vascular bundle thus forming 
the neutral axis of the curvature 1 . The mass of parenchyma which envelopes the 
fibro-vascular bundle often has the form of a pulvinus, and does not contain in its 
outer layers any air-conducting intercellular spaces, or only very small ones, while in 
the inner layers they are larger, especially in the immediate vicinity of the bundle ; 
these being, according to Morren, Unger, and Pfefler, wanting only in the irritable 
stamens of Herberts and Mahonia . The tension of these layers of tissue which is 
generally very considerable, is caused by the stronger turgidity of the parenchy- 
matous cells on the one hand and the elasticity of the axial bundle and epidermis on 
the other hand. As far as observations go at present, especially those made on the 
larger contractile organs, the tendency to extension is greatest in the middle layers 
of the parenchyma between the epidermis and the axial bundle, but the elastic 
resistance of the epidermis is less than that of the bundle. 

If we now consider the nature of the movements in reference to the causes which 
directly operate to produce them, we may, in the present state of our knowledge, 
distinguish between three different kinds, viz. 

(r) Those periodic movements which are produced entirely by internal causes, 
without the cooperation of any considerable external impulse of any kind. Such 
movements may be termed automatic or spontaneous. 

(2) Spontaneously motile foliage-leaves are also sensitive to the influence of light , 
in such a way that within certain limits any increase in the intensity of the light 

1 This is also true for Dionaa if the motile parts and not the whole leaf be considered. 
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causes such a curvature of the contractile organs as to place the leaves in an ex- 
panded and completely unfolded position ; while any decrease in the intensity of the 
light produces the opposite curvature, causing the leaves to fold up. The expanded 
position is called that of waking or the diurnal position, the opposite one that of sleep 
or the nocturnal position . In consequence of this sensitiveness to fluctuations in the 
light, these organs make periodic movements depending on the alternation of day and 
night, which, being induced by external causes, must be clearly distinguished from 
the automatic or those brought about by internal causes ; and the more so because 
both kinds usually occur in the same organ, and are combined in various ways 1 * 3 . 
In their sensitiveness to variations in the intensity of light these fully-developed 
organs resemble the growing organs referred to in Sect. 26. It has not yet 
been determined if any such parallelism exists with reference to variations of 
temperature. 

(3) In a smaller number of instances periodically motile foliage-leaves, as well 
as some reproductive organs which do not exhibit periodical movements, are irritable 
to touch or concussion . If a particular spot of the organ is only lightly touched or 
subjected to a slight rubbing from a solid body, the side which is touched becomes 
concave or contracts. The same effect is produced if a stronger impulse acts on 
any other part of the irritable organ, which then excites the irritable part. If the 
motile part has curved in consequence of the mechanical irritation, it afterwards re- 
sumes its previous position, and is then again irritable. 

The biological significance of these various forms of movement in the economy 
of the plant is known only in a few instances, as in Lhe case of irritable stamens, 
where the insects that visit the flowers cause the irritation and consequent alteration 
in the position of the stamens, these movements being serviceable for the conveyance 
of the pollen either to the stigma of the same flower (as in Berber is' 1 ) or to those of 
other flowers (as in Cynaraceae). Wc have no knowledge, on the other hand, of any 
purpose in the economy of the plant served by the periodic and irritable move- 
ments of foliage-leaves*. 

(1) The spontaneous periodic movement is seen most conspicuously in the few cases in 
which the period extends only over a few minutes, and the oscillation of the organ takes 
place by day and night under a sufficiently high temperature, as in the small lateral 
leaflets of the trifoliolate leaf of Desmodium gyrans (the Indian * Telegraph-Plant *), and 
the labellum of the flowers of Megaclinium falcatum (an African Orchid). The lateral 
leaflets of Desmodium gyrans 4 are attached to the common petiole by slender petiolules 
4 to 5 mm. in length, the petiolules being the organs by the movements of which the 
leaflets are carried round, their apices describing nearly a circle. One revolution takes, 
when the temperature is above 22° C,, from 2 to 5 minutes ; the motion is often irregular, 

1 This distinction, partly founded on facts that have long been known, is very necessary for 
a clear insight into the phenomena, and was first brought forward by me in the treatise on the 
various immobile conditions of the periodically motile and irritable parts of plants Flora/ 1863). 

a [II. Miiller (liefruchtung der Blumen durch Insektcn, Leipzig 1873) has shown that the 
irritability of the stamens of Berberis is a contrivance for cross-fertilisation rather than for self- 
fertilisation.] 

8 [See note 2 on page 873.] 

4 For further illustrations see Mcycn, Neues System dcr Pflanzen-Physiologie, 1839, vol. III. 
p. 553. [The first account of Desmodium gyrans , based on Lady Morison’s observations, is by 
Broussonet, Mem. Acad, de Paris, 1784, p. 616.] 

3 L 
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sometimes interrupted, and then recommencing suddenly in jerks. The labellum of 
Mtgaclinium falcatum 1 2 3 narrows below into a claw traversed by three slender fibro- 
vascular bundles, the curving of this portion imparting to the labellum a swinging motion 
up and down. In a much larger number of other foliage-leaves endowed with periodic 
motion the spontaneous periodicity is almost entirely concealed by the contractile parts 
being also very sensitive to light, so that a cursory observation detects only the daily 
period, or the different positions by day and night. If however these plants, or even 
cut branches placed in water, remain for some days in the dark or in artificial light 
of unvarying intensity, it is seen that the periodic movements do not cease, but continue 
when the temperature also is constant, i. e. independently of any irritation resulting 
from change of temperature. Under these circumstances the leaves are in a constant 
slow motion, indicated by the varying positions at short intervals (as e.g. in Mimosa , 
He acia lophantba , Trtfolium incarnatum and pratense y Phaseolus , various species of Oxalis y 
as O. Acetoselfo , &c.*). After a certain time these movements cease. The behaviour of 
the lateral lcallets of Desmodium gyrans and of the labellum of Megaclintum falcatum 
on the one hand, and that of leaves which assume different positions by day and by night 
on the other hand, offer a contrast in the following respect ; in the former the internal 
periodic causes of the movement are stronger than the irritation of the light to which 
they ntfay happen to be exposed, while in the latter these internal causes are outweighed 
by the irritation caused by the varying amount of light under ordinary conditions, so that 
only the daily periodicity induced by the alternation of day and night is apparent. To this 
last category belong the movements of the compound leaves of Leguminosx, of many 
species of Oxalis , and of Marsilia. In the Leguminosse the common petiole is often 
attached to the stem by a larger contractile organ or ‘ pulvinus ;* and in all the cases 
just named the petiolule of each leaflet possesses a similar organ. If, as in the bipinnate 
leaves of Mimosa , there are secondary common petioles, these arc also attached to the 
primary petiole by contractile organs. These organs always consist of an axial fibro- 
vascular bundle surrounded by a thick layer of turgid parenchyma. The other parts 
of the leaves, the petiole as well as the lamina, are not spontaneously contractile, but 
the alterations in their position are caused by the curvatures of the organs at their base. 
The movement is cither a curving upwards and downwards, as in Phaseolus , Trifolium , 
Oxalis , and the common petioles of Mimosa , or is directed from behind and below in a 
forward and upward direction, as in the leaflets of Mimosa. 

(2) Sensitiveness to variations in the intensity of light is exhibited with peculiar 
distinctness in the leaves of Lcguminosie and Oxalidea: and of Marsilia , and the conse- 
quent movements are effected by the organs which also produce the spontaneous periodic 
movements \ These organs occur also in the leaves of many other plants, as Cannaceae 
and Marattiaceie, but their irritability has not as yet been investigated. 

In the diurnal position produced by increasing intensity of light the leaves generally 
have their surfaces completely unfolded and expanded flat ; in the nocturnal position 
they are on the contrary folded up in different ways, being turned upwards, downwards, 
or sideways. The leaflets of Lotus y Tr folium, Ficia y and Lathy rus are, for example, 
folded upwards at night, those of Luptnus y Robinia , Glycyrrhiza , Glycine , Phaseolus y and 
Oxalis downwards; the common petiole of Mimosa turns downwards at night, that 
of Phaseolus becomes erect ; the leaflets of Mimosa and Tamarindus indie a 4 turn laterally 
forwards and upwards in the dark, those of Tephrosia caribma backwards. When the 
petiole and other parts of the same leaf are contractile, the curvatures of the various 
motile parts may differ; thus, for example, the petiole of Phaseolus turns upwards in the 
evening, while the leaflets turn downwards ; the petiole of Mimosa on the other hand 

1 C. Morren, Ann. des sci. nat. 1843, 2nd series, vol. XIX. p. 91. 

2 For further proof see Sachs, Flora, 1863, p. 468, where the literature of the subject is quoted. 

3 [See Somnus Plantarum, P. Bremer, Linn. Amcen. Acad. iv. p. 333 ] 

* See Meyen, Neues System der Pflanzen-Physiologie, vol. III. p. 476. 
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turns downwards while the leaflets turn forwards and upwards, till they partially cover 
one another in an imbricate manner. The folding-up of a leaf in the diurnal position 
when suddenly placed in darkness is the more energetic the longer the period of illu- 
mination has been, and inversely. If a plant which has been exposed to alternations of 
day and night be kept in darkness for a considerable time, the daily periodicity may 
continue for a time, according to Pfeffer, as a persistent effect, and then the more rapid 
spontaneous movements make their appearance. In cases in which they take place 
with considerable force ( Oxalis , Trifolium) this persistent effect is not exhibited. In 
general the sensitiveness to the action of light is very different in different species. 

(3) Many leaves endowed with periodic motility or sensitiveness to light are also 
irritable to contact and concussion 1 , as those of Oxalis Acetosella , stricta f corniculata, purpurea, 
carnosay an d Deppei 2 , Robinia pseud- Acacia 3 , various species of Mimosa , as sensit'rva, pros- 
trata, casta y viva y as per at a, quadrivalvisy dormiensy pernambucinay pigra, humilisy and pel lit a y 
/Eschinomenc sensitiva t indica y and pumila , Smithia sensitively Desmantbus stolonifery trique - 
trtiSy and lacustris . In the greater number of these plants a rather violent or often 
repeated concussion is requisite to set the parts in motion, which then always assume 
the position of sleep ; in other words, mechanical stimulation acts in the same way as a 
diminution of light. The sensitiveness is greater in Oxalis {Biopbytum) sensitiva and 
Mimosa ptidica , where a very slight concussion or simple contact on the contractile 
organ suffices to cause immediate and considerable motion, which is due, when 
the plant is highly irritable, to conduction of the stimulus to the parts not touched. 
Although the position assumed in consequence of contact or concussion resembles the 
nocturnal position, yet it differs from it in its conditions ; the former is accompanied by 
flaccidity of the contractile organ, the latter by increased turgidity. 

Among irritable stamens may be enumerated the various species of Berberis 4 (c.g. 
•vulgaris y emarginata f cretica, and cristata) y and of the sub-genus Mahonia . In contact 
with the corolla when at rest, they curve concavely inwards when the base of the inner 
side of the filament is lightly touched, so that the anther comes into contact with the 
stigma. 

There is a greater diversity in the phenomena produced by a slight blow or friction 
on any part of the filaments of various Cynaraccae (as Centaureay Onopordotiy Cnicus y 
CarduuSy and Cynara) and Cichoriaccac (as Cic barium and Hieracium ). The filaments 
which spring from the tube of the corolla bear the five firmly attached (not coherent) 
anthers, which together form a tube through which the style grows up while the pollen 
is escaping. At this time the filaments arc irritable ; when at rest they are curved con- 
cavely outwards as far as the width of the corolla-tube will permit ; on contact or 
concussion they contract, become straight, and hence come into close contact along 
their whole length with the style which they enclose, lengthening again after some 
minutes and resuming their curved form. Since each separate filament is independently 
irritable, touching a single filament or a blow on one side only of the capitulum will irri- 
tate, according to circumstances, only one, two, or three of the filaments, and by the 
contraction of one side the whole of the reproductive organs will be bent to one side. 
By the displacement connected with this or the pressure of the other filaments on the 
corolla they are also irritated, and thus arises an irregular oscillating or twisting motion 
of the reproductive organs of the flower. If the whole capitulum is shaken, or if the 
hand is passed over the surface of the flower, or the flower is blown into, a ‘ creeping * 
motion ensues of all the flowers in the capitulum. This phenomenon occurs only while 
the style is growing through the anther-tube and the pollen is being emptied into the 
tube ; the motion of the filaments effected by insects causes the anther-tube to be drawn 

1 [Movements may also be caused by chemical stimuli; see Darwin, Insectivorous Plants, 1875.] 

a From Unger, Anatomie und Physiologie der Pflanzen, 1853, p.417. 

3 Mohl, Flora, 1832, vol. II. No. 32, and his Vermischtc Schriften. 

1 Goeppert, Linnsea, 1828, vol. 111 . p. 234 et seq. 

3 L 2 
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downwards and a portion of the pollen thus to escape above it, which is then carried away 
by insects to other flowers and capitula where the stigmas are already unfolded 1 . 

Among irritable female reproductive organs are the lobes of the stigmas of Mimulus , 
Martynia, Goldfussia anhophylfo, & c., which close when their inner side is touched, 
evidently in order to retain the pollen brought to them by insects. More striking are 
the movements which follow a light touch on the gynostemium of Stylidium> a genus 
almost peculiar to Australia (e. g. S. adnatum and graminifolium ). The cylindrical 
gynostemium which bears the stigma and close beside it two anthers is, when at rest, 
turned sharply downwards; irritation causes a sudden elevation and even reversal to 
the other side of the flower. 

A more detailed description of these and other contractile organs will be found in 
Morren’s treatise named below 2 3 . 

(4) Mobile and immobile condition of the motile parts of plants*. The parts of plants 
endowed with periodic motion and irritability may present alternately two different 
conditions according to the external influences to which the plants are subjected. 
1'hcir properties may be suspended for a shorter or longer time, and may give place 
to a condition of immobility which again disappears if the external influences are 
favourable, provided the organ is not in the meantime killed. This immobile condition 
differs^ from that caused by death in the fact that it is transitory, and that the internal 
changes which cause it are reparable. 

The following particulars arc taken from the detailed illustrations in my work already 
quoted. 

(1) Transitory rigidity from cold occurs in the leaves of Mimosa pudica when the 
influences arc otherwise favourable if the temperature of the surrounding air remains 
for some hours below' 15° C.; the lcwer the temperature falls below this point, the 
more quickly does the rigidity set in; the irritability to touch and concussion disappears 
first, then that to the action of light, and finally also the spontaneous periodic movement. 
The lateral leaflets of Desmodium gyrans are, according to Kabsch, immotile when the 
temperature of the air is below 2 2' C. 

(2) Transitory rigidity from heat occurs in Mimosa within an hour in damp air at 
40° C., within half an hour in air at 45 0 C., in a few minutes in air at 49 0 to 50° C. ; the 
sensitiveness returns after exposure for some hours to air at a favourable temperature. 
In water the rigidity from cold of Mimosa sets in at a higher temperature, viz. in a 
quarter of an hour between 16 0 and if C., and the rigidity from heat at a lower 
temperature than in air, viz. in a quarter of an hour between 36° and 40° C. 4 During 
the rigidity from heat, whether in air or water, the leaflets are closed, as after irritation, 
but the petiole is erect, while when irritated it is directed downwards. 

1 These phenomena were discovered as long ago as 1 764 by Count Battista dal Covolo, and 
are well described by Kolreuter in his preliminary Nachrichten von cinigcn das Geschlccht der 
Pflanzen betreffenden Versuchen; 3rd Appendix, 1766, pp. 125, 126. 

u C. Morren, On Stylidium, Mem. de l’Acad. roy. des sci. de Bruxelles, 1836; on Goldfussia , 
ditto, 1839; on Sparmattnia afrienna, ditto, 1841 ; on Megaclinium , ditto, 1862. Also on Oxalis, 
Bull, de l’Acad. roy. des sci. de Bruxelles, vol. II. No. 7 ; on Cereus, ditto, vols. V and VI. [On the 
irritability of the stamens of Ruta , see Carlet, Com;), rend., August 25, 1873, and May 18, 1874; 
Heekel in Comp, rend., July 6, 1874. On Spannannia, Cistus , and Helianthemum, see Heckel, in 
Comp, rend., March 23 and April 6 and 20, 1874.] 

3 Sachs, Die vonibergehende Starrezustandc periodisch beweglieher und reizbarer Pflanzen* 
Organe, Flora, 1863, No. 29 et seq. — Dutiochet, Mem. pour servir, vol. I. p. 562. — Kab&ch, Bot. 
Zcit. 18^2, p. 342 et seq. 

* A plant of Mimosa immersed in water of from 19 to 2i*5°C. remains sensitive to impact 
and light for eighteen hours or more, Bert’s statement (Recherches sur le mouvement de la 
sensitive, Paris 1867, p. 20) that Mimosa remains iiritable up to 56 or even 6o°C. is not suffi- 
ciently confirmed, and is opposed to all that we know about the superior limits of temperature 
for vegetation. 
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(3) Transitory rigidity from darkness. If plants whose leaves arc periodically motile 
and irritable to light and concussion, as Mimosa , Acacia, Trifolium f Phaseolus , and Oxalis, 
are placed in the dark, the spontaneous periodic movements take place without the 
changes in position caused by the action of light, and therefore all the more cleanly, 
and the irritability to touch is also not at first injured. But this motile condition 
disappears completely when the darkness lasts for one day or more. If a plant ren- 
dered rigid by exposure to darkness is again placed in the light, the motile condition is 
not restored for some hours or even for some days. 

Perfect darkness is however by no means necessary in order to produce rigidity. It 
may be brought about by placing a plant that is very dependent on light, like Mimosa , 
for some days in a deficient light, as in an ordinary dwelling-room, at some distance from 
the windo iv. 

In contrast to the rigidity caused by darkness, I have applied the term Phototonus to the 
normal motile condition resulting from the alternation of day and night. A plant in this 
condition, if placed in the dark, will, as we have seen, remain for some time (hours or even 
days) in a state of phototonus, which then disappears gradually; the plant is therefore, 
under normal conditions, in a state of phototonus even during the night. In the same 
manner a plant which has become rigid in continued darkness retains its rigidity for some 
time (hours or even days) after being exposed to light. The two conditions therefore 
pass over into one another only slowly. 

In the case also of rigidity caused by darkness, the irritability of Mimosa to con- 
cussion disappears first, and then the spontaneous periodic motion. In the same manner 
a plant which has thus become rigid reassumes first of all its periodic movement, then its 
irritability. 

T he position of the various parts of the leaves of Mimosa when in a state of rigidity 
caused by darkness is different from that caused by darkness in phototonic plants, and 
also different from that produced by rigidity due to heat. In the first case the leaves 
remain quite expanded, the pctiolules directed downwards, the common petiole almost 
horizontal. 

Changes in the intensity of the light produce the same effect as irritants, but only on 
healthy phototonic plants; leaves which have become rigid from exposure to darkness 
show no irritability to variations in its intensity until they have again become photo- 
tonic from long-continued exposure to light. A plant of Acacia lophantha , left for five 
days in the dark, was found to have lost during the last forty-eight hours every trace 
of its spontaneous movements. It was then placed in a window, where within two 
hours it directed its leaflets strongly downwards, the sky being cloudy, and other small 
changes of position took place in the petiolules. In this condition the plant was still 
rigid ; when it was then placed about noon in the dark with another phototonic plant 
of the same species, the position of its leaves did not change, the leaflets remained 
expanded, while the other plant within an hour closed its leaflets and assumed the most 
complete nocturnal position. Both plants were then once more placed in the window, 
when the first again retained the position of its leaves unchanged, while the normal 
phototonic plant expanded its closed leaflets in an hour, the sky being still cloudy. By 
the evening th# lowest six leaves still remained rigid and expanded, but the upper eight 
or nine leaves closed ; the next morning all the leaves again expanded into their normal 
diurnal position 1 . 

Trifolium incarnatum exhibited similar phenomena, with only immaterial differences. 


1 [Bert (Bull, de la Soc. hot. de France, vol. XVII, 1871, p. 107) found that the irritability of 
the leaves of Mimosa was destroyed by placing them under bell-glasses of green glass almost to the 
same extent as if placed in the dark; the plants being entirely killed in twelve days under blackened, 
in sixteen days under green glass ; plants placed in the same manner beneath white, red, yellow, 
violet, and blue glasses being still perfectly healthy and sensitive, though varying in the rapidity 
of their growth.] 
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It is worth noting that in the plants observed by me the positions of the leaves in- 
duced by the rigidity caused by darkness resemble the diurnal more than the nocturnal 
position of phototonic plants. Rigidity produced by darkness is apparently .only -ex- 
hibited by organs containing chlorophyll, for, according to* a communication from 
Pfeifer, the stamens of Cynaraccac, though developed in the dark, are irritable. This, 
as well as the fact that individual organs of a plant may be made rigid by darkness 1 , 
shows that this condition is not due to an excessive accumulation of carbonic acid 
in the tissues. 

(4 ) Transitory rigidity from drought I have observed only in Mimosa pudica. If the 
earth in th? pot in which a plant is growing is left unwatered for a considerable time, 
the irritability of leaves perceptibly diminishes with the increasing dryness, and an almost 
complete rigidity ensues, causing the common petiole to assume a horizontal position, 
and the leaflets to expand. Leaves which have lost their irritability are not withered 
nor flaccid ; but the watering of the soil causes a return of the irritability within two or 
three hours. 

(5) Transitory rigidity resulting from chemical influences . In this category I include 
especially the condition termed by Dutrochct 2 * Asphyxia, which occurs in Mimosa when 
placed in the receiver of an air-pump. While the air is being pumped out, the leaves 
fold up^ no doubt in consequence of the concussion; but the leaflets then expand, the 
petiole becomes erect, and while the leaves assume the same position as after pro- 
longed withdrawal of light, they become rigid and possess neither periodic motility 
nor irritability to concussion. When brought into the air the plant again becomes 
motile. It can scarcely be doubted that the effect of the vacuum is essentially a result 
of the removal of the atmospheric oxygen, and therefore causes rigidity by suspending 
the respiration. 

Kabsch* confirmed these statements, and showed that the stamens of Berber is, Ma - 
homa, and Heliantbemum also lose their irritability in vacuo, regaining it in the air. 

The cessation of the irritability of the stamens of these plants which Kabsch states to 
take place when they are placed in nitrogen or hydrogen gas may also be ascribed to a 
simple suspension of respiration, the irritability returning on access of air. The destruc- 
tion of the irritability which takes place, on the authority of the same observer, in the 
stamens of Berberis in pure carbon dioxide or in air containing more than 40 p. c. of this 
gas must, on the contrary, be considered a positively injurious chemical action of the 
nature of poisoning. If they remain from three to four hours in carbon dioxide, the 
irritability returns only after some hours on replacing them in air. Carbonic oxide 
mixed with air in the proportion of from 20 to 25 p. c. destroys irritability, while nitrous 
oxide produces no effect. The stamens, on the other hand, bend towards the pistil in 
nitric oxide, and lose their irritability in ii or 2 minutes. Ammoniacal gas appears 
to cause transitory rigidity after a few minutes 4 . 

Kabsch states that rigidity ensues after from ij to 2 hours in pure oxygen, the 
stamens again recovering in the air. 

The vapours of chloroform or of ether destroy the irritability (also for variations 
of light?) of motile organs, without however causing death unless the action be too 
prolonged. It entire plants of Mimoseae or branches which have been cut off* be 


1 Pfeffer, Physiol. Unter*., Leipzig TS73, p 66. 

2 Jhitiocliet, Mein, pour servir, vol. I. p. 562. 

Kabsch, B ot. Zeit. 1S62, p. 342. 

4 [J. B. Schneider (Bull, dc la Societo vaudoise des Sciences naturelles, 1869) points out that 
the substances which destroy the contractility of animal Unicode* also destroy the irritability of the 
stamens ot Berber is and the leaves of Mimosa. Curare has no prejudicial effect in either case; 
while nicotine, alcohol, and mineral acids destroy both. In the Comptes rendus for April 33rd, 
1870, is a lecord of a series of experiments on the eltect of chloroform on the irritability of the 
stamens ot Mahtrtbi.} 
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introduced into an atmosphere nearly saturated with these vapours, the irritability 
will disappear in a few minutes. If the organs have been previously stimulated, they 
now expand (without being irritable) in consequence of their becoming more rigid. 
The action of the vapour of ether or of chloroform is a purely local one : only those 
organs which are exposed to it lose their irritability 1 . 

(6) Frequent stimulation at short intervals (vibration) causes the pulvinus of 
Mimoseac to become insensible to stimuli, although they expand during the continuance 
of the stimulation and take up a position of rest such as would have been produced 
by the first shock alone. It is not for from five to fifteen minutes after the cessation 
of the shocks that irritability returns 2 * . 

(7) Transitory rigidity caused by electrical agency s was observed by Kabsch in the 
gynostemium of Stylidium . A weak current produced the same result as concussion; 
a stronger current destroyed the irritability, which however returned after half an hour. 
In Desmodium gyrans , on the other hand, the leaflets which had been rendered rigid by 
cold (22° C.) were again made motile by the action of induction-currents. 

Sect. 29.— Mechanism of Movements caused by Contact or Concus- 
sion 4 . This has been studied with success by many observers in the articulations 
at the bases of the petioles of Mimosa pudica , in the small motile organs of the 
leaflets of Oxalis A c Ho sella, and in the filaments of the Cynarese. There is but little 
doubt that other motile organs are essentially similar to these types. 

Generally the motile organs are nearly cylindrical in form, but somewhat 
flattened horizontally. A tough, but not brittle, flexible lignified fibro- vascular bundle 
lies in the axis of the organ, and is surrounded by several layers of succulent 
parenchyma which is invested by a feebly-developed epidermis. The turgid paren- 
chyma tends to stretch the axial bundle and the epidermis, whereas these, more 
especially the bundle, offer a resistance to the expansion of the parenchyma. 

It is the parenchyma which is irritable. It may be the parenchyma of one side 
only of the organ which is irritable, as in Mimosa (the lower surface only of the large 
articulations), or of both sides (filaments of Cynareae). 

The conditions of the Irritability are the following: 1. that the parenchymatous 
cells tend to absorb water continually and thus to stretch their cell-walls, that is, to 
be strongly turgid; and 2. that a slight concussion of the irritable cells causes an 
escape through their walls of a portion of the water which they contain. This 
sudden change produced by a stimulus probably affects, according to Pfeffer’s 
reasoning, the protoplasm of the parenchymatous cells: their cell-walls are not 
irritable and contribute to the movement merely in virtue of their elasticity. When 
the movement has ceased, the absorption of water recommences and their turgidity 
and the irritable condition are restored. 

The Movement itself is produced by the action of the elasticity of the stretched 
cell-walls which comes into play at the moment when the turgid cells give off water. 
The cell-walls contract elastically in proportion to the quantity of water which 
escapes from the cells. The water passes into the intercellular spaces of the 


1 Pfeffcr, 1. c. pp. 64-66. 

2 Pfeffer, 1 . c. p. 58. 

8 Kabsch, Bot. Zcit 1861, p.358. 

4 The very extensive literature on this subject has been collated by Pfeffer in his 'Physio- 
logische Untcrsuchungcn,’ Leipzig J873. 
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irritable tissue and finds its way, for the most part, out of the organ into other 
tissues. As a consequence the volume of the stimulated tissue diminishes. The 
tissue of the other side of the organ, which has not been stimulated, is turgid and 
expands at the time when the tense epidermis of the stimulated side is contracting 
elastically : the latter side becomes concave, the former convex, and the stimulated 
organ curves so that the parts which are connected with it are passively raised or 
lowered accordingly as the concavity of the organ, which is always on the stimu- 
lated side, faces upwards or downwards. 

The organ is not irritable immediately after this has taken place, for the con- 
tracted cells are not sufficiently turgid to admit of a further escape of water. After 
some time the contracted cells absorb water, their turgidity increases, their walls 
become tense, the volume of the individual cells and therefore that also of the whole 
irritable tissue becomes greater, the epidermis is stretched, and a curvature is effected 
in an opposite direction to that which was effected by stimulation, the stimulated 
side of the organ becomes convex, and then the organ is again irritable. 

Frcjm what has been said it is evident that the volume and the turgidity (rigidity) 
of the whole organ diminishes during the movement produced by stimulation, that 
the restoration of irritability is associated with increased turgidity and volume, and 
finally, that the irritability and the amplitude of the movement must be greater, 
ceteris paribus, the more turgid the organ is. 

This account of the nature of the irritability and of the phenomena of the 
movement is derived from Pfeffer’s acute observations. He completed the investiga- 
tions of his predecessors, Lindsay, Brticke, Ilofmeister, Sachs, Cohn, Unger and 
others, by demonstrating the escape of the water from the stimulated cells, a fact 
which had not been clearly ascertained before. 

(a) The Sensitive Plant 1 ( Mimosa pudica). The leaf when fully developed is bipin nate, 
and consists of a petiole from 4 to 6 cm. long with two pairs of petiolules 4 to 5 cm. in 
length, and on each of these from fifteen to twenty-live pairs of leaflets 5 to io mm. long 
and 1*5 to 2 mm. broad. All these parts are connected by contractile organs; every 
leaflet is immediately attached to the rachis by such an organ from 0*4 to o*6 mm. long, 
and this again to the primary petiole by another similar organ from 2 to 3 mm. long and 
about 1 mm. thick. The base of the petiole itself is transformed into a nearly cylin- 
drical contractile organ 4 to 5 mm. long and 2 to 2*5 mm. thick, which is furnished, like 
those of the petiolules, with a number of long still' hairs on the under side ; the upper 
side being only slightly hairy or not at all. 

Kach of the contractile organs consists of a comparatively very thick layer of 
parenchyma with a feebly developed epidermis without stomata, and penetrated by 
an axial flexible but only very slightly extensible fibro- vascular bundle, which separates 
into several bundles where it emerges into the channelled petiole. The parenchyma 
consists of roundish cells enclosing, in the eight layers which surround the axial 
bundle, large air^conducling intercellular spaces which become much smaller in the 
eighteen or twenty outer layers of cells, and are entirely wanting in those immediately 
beneath the epidermis. These intercellular spaces are in communication with one 

1 Dutrochct, Mem. pour servir, vol. I. p, 545. — Meyen, Neues System der Pflanz.-Phys., vol. III. 
p. 516 et seq. — Priieke, in Miiller's Archiv fur Anat. und Phys., 1848, p.434; ditto, in Sitzungs- 
berichtc der kais. Akad. der Wis<. Wien, vol. L, July 14, 1864.— Ilofmeister, Flora, 1852, No. 32 et 
seq. — Sachs, Ilandb. der Ex p.- Phys , i8 66 , p. 479 */ sey.— 1 \ Pert, Kechcrchcs sur les mouvements 
do la sensitive, l'aiis 1867. 
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another from the fibro-vascular bundle to the middle layers of tissue ; the very small ones 
of the outer layers have the appearance of isolated triangular cavities, and when 
cut (therefore in the irritated state) seem to be full of water. The cells of the 
under side of the ‘pulvinus’ are thin- walled, those of the upper side have much thicker 
walls (about three times as thick) of pure cellulose. Together with a moderate quantity 
of protoplasm (including a nucleus) and small chlorophyll-granules and starch, each of 
the cells contains in its cavity a large globular drop, consisting, according to Pfcffer, 
of a concentrated solution of tannin surrounded by a delicate pellicle 1 . The young organs 
however manifest sensitiveness when the cell-walls of the upper side are not thicker than 
those of the other side and the globular drop has not yet made its appearance. 

A slight concussion of the whole plant causes the contractile organs of all the 
primary petioles to curve downwards, those of the petiolules forwards, those of the 
leaflets forwards and upwards. The primary petioles which were previously turned 
obliquely upwards then become horizontal or turn obliquely downwards, while the petio- 
lules and leaflets close. This condition is identical externally with the nocturnal position 
of the leaves, but differs internally, inasmuch as a concussion still acts as a stimulus 
in the latter case and causes especially a stronger depression of the primary petiole. 
The irritated contractile organ is also flaccid, as Briicke has shown, and is more flexible 
than before the irritation, the weight being the same ; in the nocturnal position, on 
the contrary, the organ is more rigid and less flexible than in the diurnal. In the 
contractile organs of the primary petioles and petiolules a light touch on the hairs 
on the under side is sufficient to produce the movement, and in those of the leaflets 
the lightest touch on the glabrous upper side. When the temperature is high and 
the air very damp, the irritability is much greater, and any local irritation incites 
movements in the neighbouring organs, often in all the leaves of a plant, a phenomenon 
which has been termed Conduction of the irritation. If, for example, one of the 
anterior leaflets is cut off by a pair of scissors, or its contractile organ is touched, or 
if it is placed in the focus of a burning-glass, it takes the position which is normally 
the result of irritation, the next lower pair of leaflets then follows, and in succession 
those at a greater distance; after a short time the leaflets of an adjoining petiolule 
begin to fold together from above upwards, and the same with the other petiolules. 
Finally, often after a considerable time, the primary petiole bends downwards; the 
phenomenon is then transferred to the primary petiole of the next leaf below, and 
also probably to that of the next one above; their petiolules and leaflets taking also 
similar positions. Thus in the course of a few minutes all the leaves are set in motion ; 
sometimes particular parts are passed by which only begin to move subsequently. The 
conduction of the irritation appears to take place more easily from above downwards 
than from below upwards, both in the leaves and the stem. If the plant is left to 
itself the leaflets and petiolules again expand after a few minutes, the primary petioles 
become erect, and the leaves are again irritable. 

If the parenchyma of the upper side is cut away as far as the central fibro-vascular 
bundle from the large contractile organ of a primary petiole, the petiole afterwards 
again becomes erect, and more so than would otherwise be the case; and the organ thus 
treated retains a smaller degree of irritability. If, on the other hand, the parenchyma 
is removed from the under side, the petiole turns sharply downwards, and its irritability 
is destroyed. It follows from this that it is only the under side that is irritable; the 
parenchyma of the upper side takes only a subordinate part in the movement, as will be 
shown more clearly presently. 

If one of the large contractile organs is cut away close to the stem, it curves down- 
wards, and a drop of water escapes from it. If it is now split lengthwise through the 
central fibro-vascular bundle into an upper and lower half, the former bends still more 

1 Similar globular drops are stated by Unger to occur also in Glycyrrhiza and Destnodtum 
gyrans. 



890 PERIODIC MOVEMENTS AND THOSE DUE TO IRRITATION. 

strongly downwards, while the lower bends only slightly or becomes nearly straight. 
These curvatures are still more clearly seen if the two halves are again divided length- 
wise by a cut at right angles to the previous one ; the four pieces then also manifest a 
small lateral curvature inwards. Again, if the upper and lower parenchyma are separated 
from the central fibro- vascular bundle by two cuts lengthwise, the former bends strongly 
downwards, the latter slightly upwards; they also increase so much in length as con- 
siderably to exceed the central bundle. These and other experiments show that a con- 
siderable tension of the parenchyma exists with reference to the central bundle even 
when the contractile organ has been stimulated and has lost its water, and that in this 
condition thedension is greater between the parenchyma of the upper side of the fibro- 
vascular bundle than between the parenchyma of the under side and the bundle. 

If one of the contractile organs of the petiole which has been treated in this way is 
placed in water, in order to replace the loss of water which has taken place during the 
operation and thus to produce a condition similar to the normal one, the downward 
curvature of the upper half becomes still stronger, but the under side also curves strongly 
upwards, and its tissue, previously flaccid, becomes very tense and almost cartilaginous, 
as in the other half. This shows that the turgidity of the parenchyma of the under side 
had decreased more than that of the upper side from the loss of water resulting from the 
operation, and that it increases also more rapidly when re-absorbing water. In other 
words, the irritable under side both gives oft* and rc-absorbs water more readily than the 
upper side. T he upper parenchyma always has a tendency to press the central bundle 
downwards; but the lower parenchyma tends to press it upwards only when it contains 
much water ; when therefore the organ contains but little water, it must be bent down- 
wards, and can only be bent upwards when the quantity of water in it is larger. It 
has already been mentioned that Briicko first discovered the important fact that the 
organ becomes flaccid on stimulation; he pointed out that the angle which a petiole 
makes with the stem varies much more, when the position of the stem with reference 
to the horizon is altered, if its contractile organ has been stimulated than if the organ 
is still irritable and at rest. 1 drew attention to the fact which had been previously 
established by Dutrochet and by Meyen, that the leaves will move and that their 
contractile organs will become flaccid if an incision is made so deeply into the stem 
that the wood is penetrated, provided that an escape of water is produced by the 
wound. Thi?> and other facts seemed to indicate that the movement produced by 
stimulation is associated with an escape of water from the irritable organ. Pfeifer, 
however, first brought forward a complete proof that this was the case, and obtained 
a clearer insight into the processes attendant upon stimulation. 

He first of all determined, by careful measurements of the same organ in the two 
conditions, that the volume of the lower parenchyma which contracts in consequence of 
stimulation decreases, while that of the upper parenchyma which lengthens increases; 
but the increase of the upper half is much less than the decrease of the lower. It 
follows that the whole organ decreases in volume when irritation causes it to bend 
downwards. This decrease of the lower parenchyma is the result of loss of water, as is 
shown by the following experiment. After cutting through the contractile organ at 
the base of the petiole where the central fibro-vascular bundle is still undivided, the 
organ is at first not sensitive (and bent downwards) ; but if the plant is placed in air 
saturated with moisture, it again becomes sensitive after a shorter or longer time ; when 
irritated, water escapes each time very rapidly from the incision in considerable quantity 
when the tissues of the plant are abundantly supplied with water. This water (Pfeffer 
has shown that this can be clearly demonstrated by experiment) comes from the paren- 
chyma. and almost entirely from that portion which surrounds the central bundle and 
contains large intercellular spaces. It is apparent sometimes only beneath and at the 
sides of the fibro-vascular bundle, sometimes also above it. Sometimes Pfeffer observed 
also the section of the fibro-vascular bundle to exude moisture. When a powerful 
stimulation is applied to the under side of an organ from the upper side of which the 
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parenchyma has been removed, water may sometimes be seen to escape also from the 
horizontal cut surface of the parenchyma. It is therefore certain that during the 
movement produced by stimulation water escapes from the lower parenchyma ; it gives 
off a small portion of it to the upper parenchyma (as is shown by the measurements 
that have been quoted), a larger portion flows off at the sides through the intercellular 
spaces, and a smaller portion apparently enters the central fibro-vascular bundle. The 
whole amount of water that escapes from the lower parenchyma is so small that it 
is no doubt at once absorbed by these parts at the moment of irritation. 

Since water escapes from the parenchymatous cells of the under side when stimulated, 
and passes into the intercellular spaces, the air must be at least partially expelled from 
the latter ; and this is evidently the cause of the darker colour of the irritated parts 
already observed by Lindsay. Pfeffer fixed a petiole in the normal condition so that the 
contractile organ could not bend when irritated ; when he touched a point of the irrit- 
able side he saw the darker colour spread instantaneously from the point of contact. No 
other explanation of this phenomenon is possible than that the air is expelled from the 
intercellular spaces and replaced by water, which would cause a smaller amount of light 
to be reflected from the interior. The expelled air will collect, in consequence of the 
laws of capillarity, in the larger intercellular spaces round the central fibro-vascular 
bundle, from which it will easily reach the petiole. 

In the diurnal position of the organ slight transverse folds arc seen to run along 
both sides which after stimulation become more shallow on the upper but deeper on the 
under side, showing that the consequent curvature causes a slight passive compression of 
the under side. This side first of all contracts in consequence of its loss of water and of 
the elasticity of its cell-walls, and then becomes still further compressed by the down- 
ward curvature of the upper side. 

How it comes about that a slight touch or concussion should cause an escape of 
water from the strongly turgid cells of the lower side, followed by an energetic 
reabsorption, cannot for the present be explained 1 . Pfeifer’s observations on the 
stamens of Cynareae seem to warrant the assumption that the protoplasm of the irritable 
cells undergoes a change, in consequence of a touch or of concussion, of such a nature 
that it becomes more permeable to water, and that the water which has passed through 
the protoplasmic layer simply filters through the cell-wall, which then contracts in 
virtue of its elasticity. 

The propagation of the stimulus in Mimosa , to which frequent reference has been 
made above, has been shown by Pfeffcr (Jahrb. f. wiss. Bot. IX. p. 308), in confirmation 
of Dutrochet’s results and of my own, to be effected by the fibro-vascular bundles. 
Since each movement of a leaf produced by stimulation is accompanied by an escape 
of water from its parenchyma, the water of the axial bundle and of the bundles 
connected with it is set in motion. If, when an incision is made into the wood of a 
stem, a drop of water exudes, a movement of the water in the fibro-vascular system 
is set up, which affects also that of the axial bundle of the contractile organ and of 
the irritable parenchyma. 

In the contractile organs of the leaflets of Oxalis Acetosella 2 , where the anatomical and 
mechanical contrivances are similar to those of Mimosa , this compression is much 
stronger, and the under side contracts when the organ is irritated. Pfeffcr states 
that a decrease in volume also takes place, and since a very considerable elongation of 
the upper parenchyma is required for the movements, there must be a more con- 
siderable transference of water from the under side. The organs of Oxalis differ 
from those of Mimosa in remaining irritable when the intercellular spaces are injected 
with water; but when in this state they become flaccid on irritation; it is probable 

1 [For a discussion of this subject see Vines, The Influence of Light on the Growth of Uni- 
cellular Organs, Arb. d. bot. lust, in Wiirzburg, II. x, 1878.] 

2 See Sachs, Bot. Zeit. 1857, pi. XUI. 
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therefore that a portion of the water passes from the contractile organ into the tissue 
of the petiole and lamina. The depression of the leaves of 0 . Acetosella and stricta 
when sunlight falls suddenly upon them is, like the irritable movements, attended with 
flaccidity, and according to Pfeffer, is of the same nature. 

(b) The external features of the phenomena of irritability exhibited by the stamens 
of Cynaracea: 1 in the normal coudition have already been decribed. For a close 
examination of them it is necessary to remove single flowers from the capitulum, and to 
cut away the corolla from below as far as the point of insertion of the filaments, or to 
cut across the corolla-tube, stamens, and style above the insertion of the filaments, and 
to fix the reproductive organs which are thus isolated by means of a pin in damp air. 
When the filaments have recovered from the irritation caused by this operation, they are 
convex outwards. The filaments are flat and strap-shaped ; they consist of three or four 
layers of long cylindrical parenchymatous cells, separated by thin straight walls, and sur- 
rounded by a layer of epidermal cells of similar form, strongly cuticularised and growing 
out \n many places to hairs, each of which is cut oiT by a longitudinal wall. Intercellular 
spaces of considerable size lie between the parenchymatous cells; through the middle of 
the parenchyma passes a delicite fibro- vascular bundle, which, like the epidermis, is 
strongly stretched by the turgid parenchyma. 

li the flower has been dissected according to the plan first described, and one of the 
filaments, curved convexly outwards and fixed below to the corolla, above to the anther- 
tube, is touched, it becomes straight and therefore shorter and in contact along its 
whole length with the style. If all the filaments are touched, it is seen that they have 
considerably decreased in length so as to draw down the anther-tube. Alter a few 
minutes they resume their original length and curvature, and arc then again irritable. 
If the corolla has been dissected according to the second mode, where the filaments are 
cut away and can move freely below, it is easy to see that every time they arc touched 
a curvature immediately ensues ; if the outer side is touched, it becomes at first concave, 
then convex; if the inner side is touched, it becomes concave, and sometimes after- 
wards convex. T he contraction of the stimulated filament begins at the moment of 
contact, after some time reaches its maximum, and the organ then at once begins again 
to lengthen, at first quickly, then more slowly. 

With regard to the mechanism of these movements, we are in possession of Pfeffer’s 
most acute observations made for the most part upon the filaments of Cynara Scolymuj 
and Crtitaurea jacea. The following is a summary of his most important results. 

The filaments are from 4 to 6 mm. long in these species: the tangential diameter 
of those of Cynara is 0*42 mm., the radial 0*2 mm.; in Ctntaurca the measurements are 
0*24 and 0*14 mm. The axial fibro-vascular bundle is thin and delicate. The irritable 
parenchymatous cells are in Cynara two or three times, in Centanrea from four to six 
times as long as they are broad, and their transverse walls arc at right angles to the long 
axis. All the walls of the cells, even of those forming the bundle, are thin : only the 
external walls of the cells of the epidermis are somewhat thickened. The abundant 
cell-sap of the parenchymatous cells is surrounded by a parietal layer of protoplasm 
of moderate thickness, in which lies a nucleus. The protoplasm exhibits rotation. Some 
tannin and a considerable quantity of glucose is dissolved in the cell-sap. 

The filaments are irritable throughout their whole length, that is, they will contract 
at any point if touched. PfcfFcr succeeded by especial contrivances to magnify the 
contractions one or two hundred times. The contraction may amount to from eight 
to twenty-two per cent, of the length of the filament when at rest. It is accompanied 
by a thickening of the filament, which is, however, too slight to suggest that the 
contraction produces merely a change of form; it rather indicates a considerable 


1 Cohn, Contractile Gewebc im Pflanzenreich, Breslau 1861 ; ditto, Zeitschrift fur wiss. Zoologie, 
vol. XII. Heft 3. — Kabsch, Bot. Zeit. 1861, No. 4. — Unger, Bot. Zeit. 1862, No. 15, and 
No. 46. — Pfeffer, Pliysiologische Untersuch ungen, p. So. 
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decrease in bulk. This decrease is due to an escape of water from the cells into the 
intercellular spaces, from which it flows, as Pfeffer directly observed, when a filament 
is cut across, just as is the case with the organs of Mimoseac. If the intercellular 
spaces be injected with water, the filaments remain irritable and on stimulation the 
escape of fluid from the cut surface is more evident. 

The filaments are very extensible and at the same time very perfectly elastic. 
They may be stretched to twice their usual length, and, on being released, they return 
to their original dimensions. 

When the filament is irritable, the axial bundle and the epidermis are stretched by 
the turgid parenchyma, and even after stimulation a tension of the same kind but less 
considerable still exists. 

The possible assumption that the movement is due to an increase of the elasticity of 
the cell-walls under the influence of a stimulus, a contraction of all the cells and an 
escape of water from them being the result, is shown by Pfeffer to be incorrect, for 
the elasticity of the stimulated and of the unstimulated filament is the same. 

The assumption that the permeability of the cell-walls is suddenly increased by 
a stimulus and that thus the escape of water is rendered possible, is also shown to be 
very improbable. Pfeffer points out that the water filters through under high pressure, and 
proves that the ordinary permeability of organic membranes is quite sufficiently great to 
permit of the passage of the small quantity of water which escapes from stimulated cells. 
It is therefore unnecessary to assume a sudden change in the properties of the cell-wall 
which increases its permeability. 

Pfeffer overthrows Hoimeister’s theory that the escaping water comes not from the 
vacuole of the cell but from the cell-wall itself, by the fact that the lateral walls of the 
parenchymatous cells become thicker on contraction, and he might have added that on 
this theory a contraction of empty cells but not of full tense cells was possible. 

After having shown — though without absolute proof— how improbable it is that the 
cell-wall undergoes a sudden change in consequence of stimulation, Pfeffer goes on to 
point out how probable it is that some change is produced in the protoplasm which lines 
the cell-wall as a closed sac. For a complete discussion I refer the reader to his 
exhaustive treatment of the subject; 1 will only append the following account for 
the sake of clearness. It is evident that if permeability of the tense cell- wall remain 
unaltered, the escape of water from the cell may depend upon the permeability of the 
layer of protoplasm which lines the cell-wall. If it is not permeable, it becomes more 
closely pressed to the cell-wall by the increased hydrostatic pressure effected by 
endosmosis ; if now any force affects the protoplasm in such a way that the protoplasm 
becomes permeable to water, an escape of fluid will take place not only through the 
protoplasmic layer, but also through the cell-wall which has already been shown to 
be sufficiently permeable. It has now to be shown that the occurrence of such a change 
in the protoplasm is possible, and to be explained why it is that this suddenly increased 
permeability of the protoplasm ceases after the movement, a fact which is essential to 
the restoration of the irritability. On these points I would refer the reader to the 
explanations given in Pfeffcr’s work ; I would only add that such changes in the 
permeability of protoplasm as are here assumed are already known to occur. When the 
protoplasm of a cell of Spirogyra contracts before conjugation, it must necessarily become 
more permeable, for most of the water escapes from it ; this escape does not take place 
when the cell is turgid and actively growing. If the cell-wall of the conjugating cell 
were very tense and if it were at the same time very clastic, it would contract simul- 
taneously with the protoplasm, and would permit of the escape of the water through it. 
As a matter of fact the cell-wall of Spirog^’ra is not very tense, and it is rigid, so that 
it does not materially alter its form when the protoplasm contracts ; the water which 
escapes through the protoplasm therefore occupies the space between it and the cell-wall. 
It may be objected that this contraction preparatory to the conjugation of the cell of 
Spirogyra is not the result of the action of an external stimulus ; this is quite true, but 
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it serves to prove that an alteration of the permeability of protoplasm is possible. 
Moreover it is known that the protoplasm of many cells contracts when they are 
subjected to pressure from without, and this is only possible if an escape of water takes 
place. If, under these circumstances, the cell-wall remains fixed, it is because it was but 
slightly stretched and comparatively inoxtensible before. If the wall of a cell which has 
been so treated were to contract as considerably as the protoplasm, we should have 
a result similar to that which was assumed above with reference to a stimulus. These 
considerations suggest that the irritability, in its narrowest sense, is a property of the 
protoplasm only, and that it is essential to the existence of irritable organs that the 
irritable protoplasm should be surrounded by cell- walls which are tense in consequence 
of the turgidity of the cells and which can follow the contractions of the protoplasm in 
virtue of their perfect elasticity. 

(c) The irritable stamens of Herberts 1 differ considerably in the mechanism of their 
movements from those of Cynarcx, especially in that they are irritable not upon the outer 
side but upon the inner side only ; further, the irritable parenchyma includes no inter- 
cellular spaces, but between the thin-walled cells there is a quantity of ‘intercellular 
substance’ which is capable of swelling. If the inner side of the filament be touched, 
it curves throughout its whole length. Pfi tier was able to observe in this case also that 
whefi the filament is cut across, stimulation causes the escape of a drop of water from the 
cut surface. 

(d) 'l oo little is at present known of the mechanism of the irritable gynostemium of 
Stylidium , of the leaves of Diotuta muscipula , of the glands upon the leaves of Drosera , of 
the segments of the stigma of Mimulus , &c\, to admit of brief yet satisfactory 
treatment 1 2 3 . 

Skct. 30.— Mechanism of the Movements produced by Variations of 
Temperature and of Light If plants with motile leaves, like Papilionacea; and 
Oxaliderc, after having remained in the light, are suddenly placed in the dark, the 
leaves after some time take up their nocturnal position, closing upwards or down- 
wards according to the species (Sect. 28). If light is now let in upon the plant 
in the state of sleep, the leaves again open and assume their diurnal position. 
Placing them in the shade has the same effect as complete darkness, but not so 
strongly. 

These facts show that fi actuations in the intensity of the light cause curvatures 
of the motile parts of plants. If these parts are also irritable to concussion, as in 
Mimosa and Oxalis aceiosclla , darkness causes a similar position of the leaves to 
concussion. But the internal conditions are, as has been mentioned, very different 
in the two cases ; for the folding up caused by darkness is associated with an increase 

1 Unger, Anat. und Physiol. der Pflanze, 1855, p.419. — Kabsch, Bot. Zeit., i86i,p. 26. — Pfcffer, 
Physiol. Enter*., p. 157. 

2 See aUo Unger, Anat. u. Phys., 1855, p. 419.— Suringar (on Drosera), Vcreenigung voor de 
Flora van Nederland eng. den 15 Juli, 1853. — Nitschke (on Drosera), Bot. Zeit. i860. — Schnetzler (on 
Herberts), in Bulletin de la Societe vaudoise des Sci. Nat. X, 1869. — Kabsch (on Berberis , Mimulus, 
&c.), Bot. Zeit. 1861. — Kabsch (on Stylidium ), Boi. Zeit. 1861.— -A. W. Bennett, The Movements 
of the Glands of Drosera , Quart. Journ. Micr. Sci. 1873. 

[See also Kurz, Anatomie des lilattcs der Dion <ea muscipula ; Du Bois Rcymond’s Archiv, 1876 : 
also Munk, Die elektrischen untl Bewegungs-Erschcinungen am Blatte der Dionata Muscipula, ibid.; 
further, Darwin, Insectivorous Plants, 1875.] 

3 Dutiochet, Mem. pour servir, vol. 1 . p. 509. — Meycn, Neues Syst. der Ffianz.-Phys. vol. III. 
p. 487.— Sachs, Bot. Zeit. 1837, Nos. 46, 47. — Bert, Kecheiches sur les mouvements de la sensitive, 
Paris 1867. — Millardel, Nouvelles rccherches sur la periodicite de la sensitive, Marburg 1869. — 
Pfeifer, Ph)siol. Unters., Leipzig 1873. 
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in the rigidity of the part, and therefore with an increase in its turgidity; while 
in that caused by irritation there is a decrease in all these, as Brticke was the first to 
show in the case of Mimosa . In the leaves of Phaseolus which are not irritable 
to concussion Pfeifer also found an increase of rigidity in the nocturnal position. 
Conversely the diurnal position caused by the action of light or an increase in its 
intensity is the result of a diminution of the rigidity or turgidity. "’Ifhe effect pro- 
duced upon the turgidity of motile organs by variations in the intensity of light 
causes upward and downward curvatures, since the variation of the turgidity of'the 
one side of the organ is more considerable and occurs more rapidly than that of 
the other. A rise of temperature, on the contrary, which affects the motile part 
directly, is, according to Pfeffer, associated, in Oxalis , and in a less degree in 
Phaseolus , with increase of rigidity, and therefore also of turgidity, and causes a 
movement towards the nocturnal position, and hence a stronger turgidity of the 
upper side. When, on the other hand, an increase in the intensity of the light and 
a rise of temperature act on a contractile organ at the same time, its curvature is 
a resultant of the two changes ; according as the one or the other preponderates, 
the leaf approaches more nearly the diurnal or the nocturnal position. Beyond this 
we have less certain knowledge as to the action of variations of temperature, than 
we have with reference to light. 

Pfefler, who has been especially engaged for a considerable time in the study of the 
mechanism of the movements produced by stimulation, has supplied me with the follow- 
ing : — 1 The tendency to expand is increased by darkness equally in both the antagonistic 
halves, and in the tissues of the organ generally : light has the contrary effect, and the one 
half always reacts more powerfully than the other. The expansive force increases more 
rapidly in the half which is becoming convex, but it may become more considerable in 
the other half: it is for this reason that every movement produced by removal into 
darkness is followed after a time by a movement in the opposite direction, tending to the 
resumption of the position of equilibrium. It is quite certain that darkness not merely 
produces a closure but that it has a persistent effect, just as the movement imparted to 
a pendulum persists for a time whilst the amplitude of the oscillations is rapidly 
diminishing/ 

Bert 1 showed that if a Mimosa be continuously exposed to light for five days, the 
amplitude of its periodic movements diminished considerably, whereas the irritability 
increased. Pfeffer also found that continuous illumination for a period of one or 
more days arrested the daily periodic movements of Jcacia lophantha . If a plant so 
treated be placed in the dark, closure takes place and then opening, and in continuous 
darkness for one or more days opening and closing repeatedly alternate. When the 
plant had been exposed to a strong light before being placed in the dark, the interval 
between the movements of opening and closing was about 24 hours. This is also the* 
case if the plant be placed in the dark in the morning, so that the first closure takes place 
during the day. Pfeifer regards these phenomena (like those of motile flowers and 
of growing leaves) to be due to the persistent effect of the previous alternation of day 
and night; they are not to be confounded with the spontaneous periodic movements 
of these plants, for these latter continue when the former have disappeared, and the 
interval at which they occur is shorter. 

Sect. 31. — Mechanism of spontaneous periodic Movements. The ex- 
istence of spontaneous periodic movements which are not directly produced by the 

1 Berl, Mdm. dc I’Acad. d. Sci. Phys. ct Nat. de Bordeaux, 1866, Bd. VIII. 
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action of external influences has been already mentioned in Sect. 28, the move- 
ment of the lateral leaflets of Hcdysarum gyrans being cited as a striking example. 
The rapid upward and downward movement of these leaflets take place, if the 
temperature be sufficiently high, both in continuous illumination and in continued 
darkness. The spontaneous movements of the leaflets of Oxalis acetosella and of 
Trifolium pratense are also very evident; the leaflets move in continued darkness and 
at a constant temperature through an angle of from 30° to 90° in from 1 to 4 hours. 

It was pointed out in the foregoing paragraph that these spontaneous move- 
ments are independent of the persistent effect of the stimulating influence of light. 
Pfeffcr clearly made this out in the case of the large terminal leaflet of Hedysarum 
( Desmodium ) gyrans , which makes upward and downward movements of small 
amplitude in short periods of time. Whilst the daily periodicity (Sect. 30) is 
manifested only for a short time in prolonged darkness, the spontaneous movements 
continue. In Trifolium and Oxalis the persistence of the daily periodicity is very 
slight, whereas the spontaneous movements are very evident in prolonged darkness. 

Ifr can scarcely be doubted, after what has been already said with reference 
to the various movements of growing and of mature organs, that the spontaneous 
periodic movements are effected by variations of turgidity, that is by the absorption 
and the escape of water. Since they arc not accompanied, as Pfeffer has observed, 
by any alteration of the rigidity of the organ, it is probable that one half of the 
tissue gains in expansive force what the other loses and at the same moment ; this 
almost amounts to saying that first one and then the other half of the tissue absorbs 
water from the other half. 

Batalin (Flora, 1873) asserts that each periodic movement in Mimosa and Phaseolus 
is accompanied by a slight increase in length. Simple calculation suffices, however, to 
show that the periodic movements of these organs cannot be due to periodic growth of 
the upper and under surfaces. 

The question why it is that the two sides of the organ are alternately more or less 
strongly turgid cannot be answered at present any more than the question why it is that 
first one side and then the other grows more rapidly in growing leaves, stems, tendrils, 
&c. which exhibit nutation. 


CHAPTER VI. 

THE PHENOMENA OF SEXUAL REPRODUCTION. 

Sf.ct. 32 \ Sexuality consists essentially in the formation, in the course of 
development of the plant, of reproductive cells of two different kinds, which have no 
independent power of further development, but which, by their coalescence, give 
rise to a product which possesses that power. 

1 The facts upon which the considerations contained in this section are based are fully detailed 
in Book II, with references to the literature. 
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It is only in a comparatively small number of cases, and in plants of very 
simple structure, like the Desmidieae, Mesocarpeae, and Pandorineae, that the two 
cells which coalesce are alike in their mode of production, size, form, and behaviour 
when coalescing ; and even in these cases they probably differ internally, since it is 
difficult to explain on any other hypothesis the necessity for their union into a pro- 
duct capable of development (the Zygospore). In some other Conjugate), as Spiro - 
gyra , this internal differentiation is exhibited at least to the extent that the contents 
of one of the conjugating cells pass over into the other, the contents of which remain 
stationary. But usually, as in most Algae ( Voucher ia, (Edogomum, ColcocJucfe , Fucus , 
&c.), and in. all Characeae, Muscineae, and Vascular Cryptogams, a great variety 
of differences are manifested between the sexual cells as to size, form, motility, 
mode of production, and the share they take in the formation of the product of 
the union. This differentiation presents, especially in the Algce, a most complete 
scries of gradations between the conjugation of similar cells and the fertilisation 
of oospheres by antherozoids, any boundary line between these two processes 
being unnatural and artificial. The difference also between the sexual cells is de- 
veloped only gradually and step by step, like the external and internal differentiation 
of plants ; and it is this that renders it probable that in the lowest forms of the 
vegetable kingdom, as in the Nostocaceae, no process at all of this kind exists, or 
that at all events there are plants of extremely simple structure in which no such 
process occurs. 

Wherever there is an evident external difference between the two sexual cells, 
one behaves actively in the union, and loses in the process its individual existence, 
the other behaves passively, absorbing into itself the substance of the active one, and 
furnishing by far the larger proportion of the first materials for the formation of the 
immediate product of the union. The former is termed the male cell or antherozoid , 
the latter the female cell or oosphere . 

These most essential features of the sexual process may also be recognised in 
the fertilisation of the Ascomycetes and Florideae, although the external appearance 
of the female organ, the carpogonium, on the one hand and of the male organ 
(in certain Ascomycetes at least) on the other hand, are strikingly different from 
those which occur in any other class of plants. 

The usual condition of the female cell during the sexual process (except in the 
Ascomycetes and Floridece) is that of a naked primordial cell (oosphere), formed 
either by simple contraction of the protoplasm of a cell previously enclosed within a 
cell-wall (as in the oogonium of Voucher ia, (Edogonium , and Coleochccle, and in the 
archegonium of Muscineae, Vascular Cryptogams, and Gymnosperms) or by the 
division of the protoplasm of a mother-cell combined with contraction and rounding 
off of the daughter-cells (as in Saprolegnia and Fucaceae), or by free cell-formation 
(as in the embryo-sac of Angiosperms). In all these cases the oosphere is spherical 
or ellipsoidal, except that in the Angiosperms it is sometimes elongated ; in general 
its form is the simplest that the vegetable cell can assume. The rounding off is not 
connected with any internal differentiation ; at least where any internal differentiation 
is exhibited (as in the formation of chlorophyll and the granular contents in (Edo- 
gonium and other Alga?), the phenomenon is a secondary one in the process of 
fertilisation. The oosphere is never actively motile, even when, as in the Fucaceae, 

3 M 
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after it is extruded it is set in rotation by the attached antherozoids; it usually 
remains enclosed in the mother-cell that produces it (the oogonium of Algae and 
Fungi, the archegonium of Muscineae, Vascular Cryptogams, and Gymnosperms, 
and the embryo-sac of Angiosperms), where it awaits fertilisation. While the male 
cell loses during the union its character as an individual cell, the oosphere is 
rendered capable of a more complete individual existence, which is first indicated 
by the invariable formation of a wall of cellulose, even when the oosphere results 
simply from the contraction of the protoplasm of an oogonium and still remains 
enclosed in its cell- wall, as in (Edogonium and Vaucheria . In this respect the 
zygospore of Conjugate and Mucorini behaves also like a fertilised oosphere 
or oospore. 

The male cell is more variable in its form and in its behaviour in the process 
of fertilisation. It always moves to the oosphere which remains at rest ; in the 
Flo ride a) it is carried passively by the water ; in the Fucacese, in Vaucheria , < Edogo - 
nium, and other Algai, in all Characeac, Muscinex, and Vascular Cryptogams, it 
swims 'actively. In other cases the male organ becomes attached in its growth to 
the female organ, as in the antheridial branches (pollinodia) of some Saprolegniese 
and of some Ascomycetes, and the pollen-tube of Phanerogams. The great variety of 
form of the male cell becomes especially conspicuous if we compare the roundish 
swarm-spore-like antherozoids of (Edogonium and Coleochaie with the filiform anther- 
ozoids of Characex, Muscineae, and Vascular Cryptogams, and with the rounded 
non-motile antherozoids of the Floridese which (like the spcrmatia of Lichens) possess 
a cell-wall. The form is in each case evidently adapted to produce the right 
kind of motion in order to convey the fertilising substance to the female organ in 
a manner in harmony with its structure ; while in the fertilisation of the latter the 
quality of the substance only is concerned. 

According to the present state of our knowledge it may be assumed that 
fertilisation essentially consists in a union of protoplasm and nuclear substance 
derived from the male organ with protoplasm and nuclear substance of the female 
organ. In conjugation this union is brought about by the coalescence of the two 
conjugating cells. In the fertilisation of (Edogonium and Vaucheria , the entrance 
of the antherozoid into the protoplasm of the oosphere and its absorption in it 
has been observed by Pringsheim. The antherozoids of Muscinese and Ferns 
were observed by Hofmeister, and those of Mars ilia by Hanstein, to enter the 
archegonium, those of Ferns by Strasburgcr to penetrate to the oosphere itself. 
It must therefore be inferred from analogy that in Phanerogams a union 1 takes 
place of some substance contained in the pollen- tube with the oosphere ; and in 
certain Ascomycetes of the contents of the pollinodium with those of the asco- 
gonium. It would be impossible otherwise to explain how in these cases the 
mere contact of the often thick-walled pollen-tube with the embryo-sac, or of 
the pollinodium with the ascogonium, can effect fertilisation, while in the former 
cases such a complete coalescence of the male and female cells is necessary for 
this purpose. 


[Sec pp. 524 and 584.] 
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The product resulting from the sexual process is usually a new individual which 
has no longer any organic connexion with the mother-plant and is not united with 
it in growth. This is the case in the Muscinece, where the sporogonium, and in 
Phanerogams, where the embryo, is nourished by the mother-plant, but there is no 
actual continuity of tissue between it and the latter. The case is quite different in 
the Ascomycetes (< e . g . Lichens, Eurotiurn , and Erysiphe) and Floridcx, in which the 
female organ itself or certain cells connected with it are stimulated by fertilisation 
to produce new shoots from which results a fructification containing spores; and it is 
only after the completion of this complicated vegetative process brought about by the 
sexual union that the spores are set free, and produce new individuals independent 
of the mother-plant. 

The reproductive cells of the same plant do not differ merely externally ; the 
inability of either to originate by itself a new course of development, while the two 
together produce an organism capable of germinating, shows that the properties of 
the two are complementary to one another. The sexual differentiation, or difference 
between the male and female cells, which is neutralised by the act of fertilisation, 
has been preparing for a longer or shorter time ; the product which is the result of 
fertilisation owes its formation to the neutralising of the sexual difference. In the 
Conjugatx and other families where the sexual difference is extremely small or even 
imperceptible, the preceding processes of development are also alike ; the mother- 
cells of the two kinds of reproductive cells even to the earliest stage of development 
do not differ externally. Eut where the sexual difference is greater, it is fore- 
shadowed in the preceding processes of development. Thus the mother-cell of the 
antherozoids of (Edogmtium differs in form from that of the oosphere ; and this is 
especially seen in the development of the (Edogonieae with ‘ dwarf males/ In 
Vaucheria the branches which subsequently become antheridia differ at an early 
stage from those which form the oogonia. The sexual differentiation of the Cha- 
raceae is inaugurated long beforehand in the great difference in the development of 
the antheridia and carpogonia, the position of the two organs on the leaf being also 
different. In the Muscineae and Vascular Cryptogams again preparation is made 
for the production of the antherozoids and oosphercs in different ways by the 
formation of antheridia and archegonia. J3ut this preparation is not confined to 
the difference between the organs which immediately produce the reproductive 
cells ; in many classes of plants it even goes back so far that the entire plant 
developes as a male or as a female plant, producing only male or only female 
reproductive organs. This occurs in some Algae, Characeoe, Muscinece, and in 
the prothallia of some Vascular Cryptogams. 

Idle fact is very remarkable that this preparation may be carried back in the 
development of the individual even beyond the limit marked by the alternation of 
generations. In the Algae, Characex, Muscinex, Ferns, and Equisetaceae, the nature 
of the alternation of generations is such that the sexual differentiation is developed 
in one of the generations, while it is neutralised in the succeeding generation. In 
these cases therefore we have a sexual and an asexual generation in the course of 
the development of the same individual ; the asexual generation is the product 
of the neutralising of the sexual differentiation of the sexual generation. The two 
generations, especially in Muscineae and Vascular Cryptogams, differ essentially from 
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a morphological point of view ; they follow altogether different laws of development ; 
one of their limits always occurs in the fertilised oosphere. The prothallium de- 
veloped from the asexual spore of Ferns and Equisctacese is, for example, morpho- 
logically a thallus without leaves or roots, while its physiological significance is 
determined by the production of antheridia and archegonia. From the fertilised 
oosphere on the other hand is produced the Fern or Horsetail, characterised 
morphologically by the differentiation of stem, root, and leaf ; but sexually this 
differentiated plant is neuter, producing neither male nor female cells, but only 
asexual spores. If the process of development of Rhizocarpese and Selaginelleae is 
compared with these phenomena, it will be seen that in these classes the two genera- 
tions, the prothallium and the spore-forming leafy plant, stand essentially in the same 
relation to one another as in Ferns and Equisetaceae, only that the sexual differentia- 
tion goes back to the spore itself; the spores are of two kinds, large female spores 
which produce the small female prothallium, and small male spores which produce 
a still smaller prothallium and antherozoids. The preparation for this sexual difference 
is manifested even in the asexual generation, by the sporangia producing only female 
or only male spores according to their position. In Salvitiia the preparation goes 
back still further, each entire capsule producing only female or only male sporangia. 
It has already been pointed out how in Phanerogams the embryo-sac corresponds to 
the large, the pollen-grain to the small spore of heterosporous Vascular Cryptogams, 
and the endosperm to the prothallium. The endosperm of Phanerogams no longer 
appears as an independent structure, but only as a constituent part of the preceding 
generation ; in Angiosperms it is often from the first rudimentary and sometimes 
entirely absent, and the female sexual cell, the oosphere, is then the immediate pro- 
duct of the embryo-sac which corresponds to the large spore. The true sexual 
generation therefore becomes less and less important ; as such it becomes devoid of 
significance, while the sexual differentiation is carried back to the spore-forming 
generation, in which it determines the formation of the two kinds of reproductive 
organs, t. e. the pollen-sacs and ovules ; the flower may be exclusively male or 
female (monoecious diclinous), and, where the plant is dioecious, the sexual differ- 
entiation affects the entire individual, which is either male or female. In all Crypto- 
gams, on the other hand, dioeeism is only displayed in one (the sexual) generation 
in the course of development of the individual. 

The process of development brought about by fertilisation or the union of the 
reproductive cells is usually not confined to the resulting embryo, but shows itself 
also in a variety of changes in the mother-plant itself. In Coleochcvte the oospore 
becomes invested with a cortical layer; in Characeae the enveloping tubes of the 
carpogonium grow after fertilisation, their coils increase in number, and their mem- 
branes become lignified on the inside ; in the Hepaticoe a variety of envelopes arise 
from the mother-plant ; in the Mosses the vaginule arid in all Muscineai the calyptra 
becomes developed ; the tissue of the prothallium which surrounds the growing 
embryo of Ferns grows at first rapidly along with it ; in Phanerogams the entire 
development of the seed and fruit depends on the changes caused in the mother- 
plant by the fertilisation of the oosphere. The two most remarkable cases occur in 
Fdorideae and Ascomycetes on the one hand, and in Orchideas on the other hand. 
In the former fertilisation docs not in general directly cause the formation of an 
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embryo, but brings about processes of growth in the mother-plant, in consequence of 
which the cystocarp is produced in Florideae and the spore-fruit in Ascomycetes. In 
the Orchideae the action of the pollen-tube is visible on the mother-plant even before 
fertilisation; Hildebrand has shown (Bot. Zeit. 1863, p. 341) that in all Orchids 
which he examined the ovules were not in a condition to be fertilised at the time of 
pollination ; and in some (as Dendrobium nobile) they have not even begun to be 
formed ; it is only during the growth of the pollen-tubes through the tissue of the 
stigma and style that the ovules become so far developed that fertilisation can at 
length be effected. In the Orchideae the formation of the female cell is therefore a 
result of pollination; it is determined by the action of the male pollen* tube on the 
tissue of the mother-plant 1 . 

When toe embryo is being developed within the mother-plant, as in the Muscinese 
and Vascular Cryptogams, it obtains its food-material from the plant ; and this is 
connected in the Vascular Cryptogams with complete exhaustion and the dying off 
of the prothallium. In Phanerogams not only does the embryo usually acquire a 
considerable development, even within the fruit, but a great quantity of the pro- 
ducts of assimilation is also withdrawn from the plant by the accumulation of 
reserve-material in the seed and by the development of the fruit; in many cases 
the plant itself is also completely exhausted, all its disposable formative sub- 
stances are given up to the seed and the fruit, and it dies off (monocarpous 
plants). It is clear that all these changes and the various movements of materials 
in the mother-plant connected with them are results of fertilisation, results of 
immense importance caused by the union of microscopic cells, imponderable by 
the best balance. 

(a) A careful consideration of the phenomena occurring among the Thallophytes 
would probably lead to the formation of a tolerably clear idea of the mode of the 
Development of Sexuality in the Vegetable Kingdom. The space at our disposal will 
only suffice for a few general remarks. 

The labours of Pringsheim 2 , which open up the way for a complete theory of 
sexuality in the future, seem to indicate that the conjugation of the motile cells of 
Pandorina> Ulothrix y &c. is one of the primitive phases of a sexual act. If this be so, 
then it follows that a sexual coalescence of cells first made its appearance when the 
Thallophytes had already attained a considerable degree of morphological and of phy- 
siological development. The same result is reached by a consideration of the fact 
that sexuality is apparently absent in the Hydrodictycae 3 * 5 and in the immediate allies 
of Ulotbrix , and that comparatively highly-developed forms, such as the Rivularieae, 
exist among the Protophyta in which no trace of sexuality can be discovered. 

If it be also remembered that the simplest forms of sexuality, conjugation and the 
formation of zygospores, occur in very different groups of the Thallophytes, and that 
the mode of conjugation varies with the form and habit of the plants and that it may 
be very different in different groups, the thought is at once suggested that the sexual 
coalescence of cells may have commenced at different times and quite independently in 


1 [For a summary of the instances in which pollen appears to have influenced the fruit of the 

mother-plant, see C. J. Maximowicz, Jotirn. Roy. Horl. Soc., new series, vol. Ill, p. 161 ; and Darwin, 

Animals and Plants under Domestication, vol. I. p. 397.] 

* Monalsber. d. k. Akad. der Wiss. in Berlin, 1869. 

5 [Conjugation has since been observed in Hydrodictyon (sec page 251).] 
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different groups of Thallophytes. The variety of the modes in which the auxospores are 
formed among the Diatomea* indicates that conjugation has become developed here from 
the first quite independently of the connection of this group with the Gonjugataej and 
in the latter group so many modes of the formation of zygospores occur that possibly 
the development of sexuality began in several different species included within it. The 
mode in which conjugation takes place among the Zygomycetes seems to indicate that 
the sexual act originated independently, and it is still difficult to trace a historical 
connection between the fertilisation of the Ascomycetes and of the Florideae and that 
of any other group of Thallophytes. It is more feasible, as Pringsheim has already 
suggested, to regard the fertilisation of the (Edogonicae and of the Vaucheriaceae as 
being a further development of the conjugation of two motile cells. If, as appears 
to be the case, a sexual act originated at different times in different Thallophytes, a 
series of further developments should be found to correspond to each distinct origin, 
but at present it is impossible to say from w hich of these origins the formation of the 
archegonia of Mosses and of Vascular Cryptogams and that of the reproductive organs of 
Phanerogams has been evolved. 

The question arises with reference to the simplest phases of sexuality, as to whether 
conjugation was effected primarily in consequence of a sexual difte ten fiat ion of the cells, 
or whether conjugation preceded any sexual differentiation and that this only made its 
appearance as a secondary phenomenon when plant-forms had become more highly deve- 
loped h The former of these two alternatives is supported by those phenomena which 
indicate a mutual action at a distance of the conjugating cells and which have been fre- 
quently mentioned by observers as a sort of mutual search. The latter is borne out by the 
consideration that the conjugating processes arc developed from those points only of the 
mycelium, in Zygomycetes and in many Ascomycetes, at which they arc in contact. It 
is known that similar, but quite infertile, connections occur between mycelial filaments, 
and there are good grounds for believing (Sect. 16) that these phenomena of growth are 
induced by pressure ; and therefore it may be reasonably inferred that the growth of the 
conjugating filaments and the formation of zygospores is a further development of the 
sterile coalescence of mycelial filaments (in the form of the letter H) which is simply the 
result of pressure. If it be admitted that the sexual coalescence of cells originated at 
different times and in different plant-forms, it may also be admitted that in one case 
a sexual differentiation first took place which rendered a coalescence necessary, while in 
other cases the processes of growth initiated by pressure resulted in the developing of 
conjugating organs which were sexually differentiated. 

(b) Parthenogenesis- is the term used to express the fact that plants w'hich possess 
normal male organs of fertilisation and in which embryos are developed by the fer- 
tilisation of the oospheres may occasionally develope embryos from female cells which 
have not been fertilised, but which are nevertheless capable of complete development. 
This phenomenon, which is of frequent occurrence in the Animal Kingdom, especially 
among Insects, has been satisfactorily observed in only a few cases among plants. The 
doubts as to the parthenogenesis of the Cedebogyne ilicifolia which is cultivated in Europe 
still exists. It appears, however, that Cbara crinita is represented in certain places 
by the female form only, and that nevertheless it bears an enormous number of spores 
which are capable of germination. The most satisfactory cases of parthenogenesis 
arc those of Saprohgnia fir ax and Achlya poly amir a 1 * 3 . Pringsheim has shown that 
their oospheres are usually fertilised, but that frequently they germinate and develope 

1 [From the fact that, as in Ulothrix for instance, the microzoogonidia come to rest and 
germinate as well withotit as with previous conjugation, it appears probable that the latter is the 
correct view.] 

' Braun, Die Parthenogenesis bei Pflanzen, in den Abhandl. der Berl. Akad. 1856.— Pringsheim, 
Jahrb. f. Wis»s. Bot. IX. [See page 593.] 

[f rom de Baiy’s researches it appears that parthenogenesis is the rule in the Saprolcgnine.] 
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tofcw plants without fertilisation and without any difference in the mode of their germination 
from that of true oospores, with this single exception, that the quiescent period of the 
parthenogenetic cells is shorter, 

Pringsheim’s account of the development of the parthenogenetic forms of these 
plants which is appended here is of great interest : — ■* The successive generations both 
of Saprolegnia ferax and of Achlya polyandra produced by cultivation become smaller, 
and the number of male filaments diminishes in each succeeding generation until they 
finally cease to be formed, and thus the monoecious forms become replaced by purely 
female ones.’ These observations show that as the result of continued cultivation combined 
with the action of certain unfavourable conditions which accompany every attempt at 
cultivation, the formation of male sexual organs at length ceases. Possibly it is in 
consequence of the action of similar adverse conditions upon its internal constitution 
that Ohara crinita ceases to form antheridia after having grown for a considerable time 
in certain waters. Possibly also these internal disturbances may affect the nature of the 
female cells, though they are developed in the usual external form, so that they are not 
sexually differentiated or only imperfectly so. In this case the effect would be one of 
the obliteration of the existing sexual differentiation, or in other words, a case of 
retrograde metamorphosis, and this is quite as conceivable as the first origin and the subse- 
quent development of sexuality. In future investigations of the subject attention ought 
to be paid to the question whether the oospheres developed upon plants of Saprohgma 
ferax and of Achlya polyandra which bear antheridia also are capable of parthenogenetic 
development, or whether this property belongs only to oospheres developed by plants 
destitute of antheridia 1 . However difficult it may be to answer this question by experi- 
ment, it must be done before it can be possible to decide whether or not the development 
of the male organs deprives the oospheres of their power of independent development, so 
that in proportion as the development of the male element diminishes the partheno- 
genetic property increases. Since we may assume that the essential object of fertilisation 
is to give to the oospherc something which it lacks but which is necessary for its further 
development, a parthenogenetic oosphere must possess, independently of fertilisation, that 
which it requires for its further development, that is, it is not sexually differentiated, and 
this probably because the differentiation of the male element has been suppressed. 

(c) The Effects of Sexual Coalescence. Since nearly all plants, and more especially 
the majority of Thallophytes, are capable of reproducing themselves asexually, and since 
this is the usual mode of reproduction in many species, it may well be asked what the 
significance of sexual reproduction really is. If sexuality is merely concerned in the 
development of new individuals, it is difficult to understand why the asexual reproduction 
should not suffice. This question is of especial interest with reference to those lower 
forms of Thallophytes which reproduce themselves through many generations by asexual 
cells which may be either motile or non-motile : with reference to many Phanerogams, 
for instance, the Conifers, it seems as if without sexuality, which induces the formation 
of the seed, no reproduction would be possible. 

The significance of sexuality is seen in quite another light when those plants are 
considered which exhibit a distinct alternation of generations, such as the Ferns, 
Equisetaceae, the Mosses, and others. In Sect. 29 of Book I, I endeavoured to show 
that the alternation of generations, wherever it occurs in the Vegetable Kingdom, 
is produced by sexuality, and that without it no such alternation is possible. In all 
cases of well-marked alternation of generations an organism which finally bears sexual 
organs is developed from a spore which has been produced asexually; fertilisation 
initiates a new process of development which closes with the development of the spore. 
Before fertilisation, there is merely the organism developed from the spore, the first 
or sexual generation : after fertilisation the second or asexual generation is developed 

1 [According to dc Bary’s recent investigations, the former of these two answers to the question 
is the correct one.] 
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which bears spores. If we compare the histological and the morphological development 
of the two generations, it becotnes strikingly evident, among the Vascular Cryptogams 
at least, that the generation which has been developed as the result of fertilisation 
is much more highly organised than the generation (prothallium) which has been 
developed from the spore. In the Mosses it might appear that the contrary is the 
case, for in these plants the sexual generation is the one which grows independently and 
which is differentiated into leaf and stem ; however, the histological differentiation of the 
sporogonium is far more perfect than that of the moss-plant, so that it is true for Mosses 
also that the product of fertilisation is the more highly organised of the two generations. 

All these cases of evident alternation of generations lead to the conclusion that 
a process of development of a more complex kind is initiated by the sexual act. 
To a certain extent this is true also of the Zygomycetes, the zygospore being a more 
highly organised cell than any of those of the mycelium, and it can scarcely be doubted 
with reference to the Coleochactcar, the Gharacese, and the Florideac that the sexually- 
formed spore-fruit is histologically the most complex product of these plants. Although 
the same cannot be said with reference to the Oospores? and to the Conjugate, still this 
by no means affects the significance of the sexual act for other plants. A complete 
discussion of the facts would, on the contrary, probably show that the higher develop- 
ment of the Pandorinese, of the Conjugate, and of the Diatomaccai when compared with 
the Protophyta has been probably promoted by the evolution of sexuality, even though 
tl is is' not expressed by a well-marked alternation of generations. The Phanerogams 
afford a similar, though exactly opposite case: in them the alternation of generations is 
exhibited in only a rudimentary form, for, in the course of the development of these 
plants from some primitive type allied to the Vascular Cryptogams the sexual generation 
(prothallium) has been reduced to its simplest expression. Whereas in the Oosporeae 
the sexual generation is the predominating one and the product of fertilisation is but 
imperfectly developed, in Phanerogams it is the generation produced in consequence 
of a sexual act which conics to be completely developed, and it is the sexual generation 
(Prothallium, Endosperm) which is rudimentary. In the latter case we have the end, in 
the former the beginning of phylogenetic series ; in the latter the alternation of genera- 
tions is disappearing, in the former it is in the first stage of its evolution. If therefore 
we desire to understand the significance of sexuality in the history of the development 
of a single plant or in that of the whole Vegetable Kingdom, we must fix our attention 
upon those groups in which an alternation of generation is evident: in such cases 
(Vascular Cryptogams, Muscinea*) the effect of sexuality is obvious. Wc may then con- 
clude that the coalescence of the male with the female cell causes the development of an 
organism which is more highly differentiated both histologically and morphologically. 

Sect. 33. Influence of the origin of the reproductive cells on the 
product of fertilisation. The male and female cells or the organs that produce 
them are formed at a greater or lesser distance from one another on the same 
plant, or on different individuals of the same species. The male and female cells 
of the same species may thus be more or less nearly related to one another as 
having been immediately or more remotely derived from the same parent-cell. The 
question arises what influence this genetic relationship of the male and female cells 
exercises on the product of fertilisation. At present we are unable to lay down any 
general law in this respect; but the overwhelming weight of evidence points to the 
law that the sexual union of nearly related cells is detrimental to the preservation 
of the plant, and in general the more so the further the morphological and sexual 
differentiation of the species has advanced. Only in a few plants of low organ- 
isation docs a fertile union take place between sister-cells, as in Rhynchonema 
among Conjugal. But in most Alga 1 and Fungi (as Spirogyra, (Rilogonium, 
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Fticus platycarpus , &c.) the reproductive cells of the same plant are not so closely 
related, and especially where fertilisation is caused by actively or passively motile 
antherozoids, there being at least a possibility of their meeting with oospheres of 
more remote origin. Even in Vaucheria , where the antheridium is the sister-cell of 
the oogonium, the curving of the former, and the direction in which the antherozoids 
escape, indicates that fertilisation does not usually take place between the contiguous 
organs, but between those more remote or even between those produced by different 
individuals. The tendency for fertilisation to occur only between reproductive cells 
of as remote relationship as possible within the same species is manifested in a great 
variety of contrivances, the simplest being that on each individual of the sexual 
generation only male or only female organs are produced. Thus between the two 
uniting reproductive cells there lies the entire course of development of the two 
plants when the plants are derived from the same mother-plant, and a still longer 
course of development when they are derived from different mother-plants. This 
distribution of the sexes, which is generally termed D iaic ism, occurs in all classes 
and orders of the vegetable kingdom, showing that it is a useful contrivance for the 
maintenance of different species. Thus we find this phenomenon in many Algae, as 
in most Fucaceae, in some Saprolegniese and Characeae ( Nitella syncarpa , &c.), in 
many Muscineae, in the prothallium of many Ferns ( Osmunda regalis ) and of most 
Equisctaceoe, and in many Gymnospcrms and Angiosperms. 

If the plant which produces both kinds of sexual organs is large or at least 
highly differentiated, distance in the relationship of the two kinds of reproductive 
cells is still attained by the male and female organs being produced on different 
branches ; and this phenomenon, which is in general termed Monoccism , is also 
common in the vegetable kingdom, as in some Algie, many Muscineie, and a very 
large number of Gymnosperms and Angiosperms 1 . 

But another condition which, according to the law just stated, should appa- 
rently be very unfavourable, is also of very common occurrence in the vegetable 
kingdom, namely, that the reproductive organs are in close contiguity, and the sexual 
cells are therefore of near even if not always of the closest affinity. Thus, for 
example, the same cellular filament of (Edogonium produces both male and female 
cells, the same Vauc/ieria -filament antheridia and oogonia in close proximity, the same 
conceptacle of Fucus platycarpus produces both oogonia and antheridia ; the 
carpogonia of most Characea: arc produced close beside the antheridium on the same 
leaf ; the archegonia and antheridia of some Mosses (species of Bryum ) are collected 
together in hermaphrodite receptacles, the prothallia of many Ferns produce both 
kinds of reproductive organs side by side ; in the flowers of Angiosperms herma- 
phroditism is the typical and most common arrangement. But in all these cases 
where the aim is apparently to favour the union of sexual cells nearly related to one 
another, there are at the same time contrivances which hinder the male cells from 
reaching the contiguous female cells ; or at least to render it possible that this 
should not always happen. This fact was first recognised by Kolreuter (1761) and 
Karl Conrad Sprengel (1793), and has been further illustrated recently by Darwin, 


1 The arrangement of the reproductive organs termed Polygamy is also a contrivance intended 
to hinder perpetual self-fertilisation of a flower or of an individual. 
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Hildebrand, and others 1 . In spite of the hermaphrodite flowers of Phanerogams 
and the similar sexual arrangements of Cryptogams, it appears very certain that the 
union of nearly related sexual cells must be unfavourable to the perpetuation of most 
plants, since such various and often astonishing means arc provided in order to 
prevent self-fertilisation when the sexual organs are contiguous. 

One of the simplest and commonest means for ensuring cross-fertilisation is 
Dichogamy, i. t\ the arrangement by which the two kinds of reproductive organs, 
when they arc contiguous, are mature at different times, so that the sexual cells 
which are in close contiguity and are therefore nearly related are not capable of 
performing their respective functions simultaneously. The male cell must in these 
cases unite with a female cell in a different group of sexual organs. This is in fact 
usually the case with the hermaphrodite flowers of Angiosperms, as also w T ith most 
prothallia of Fcrns'and the monoecious Characex*, in which the carpogonium is situated 
close to the antheridium but becomes mature only at a later period (this is very 
strikingly the case in NUclla Jlexilis). Insects are the main agents in the conveyance 
of the pollen to the stigma of other flowers of dichogamous Phanerogams, for which 
purpose the parts of the flower possess special adaptations which will be described 
presently. In the dichogamous species of Ni/ella and prothallia of Ferns the motility 
of the antherozoids is sufficient to enable them to reach the archegonia of neigh- 
bouring prothallia, or the carpogonia on other leaves of the same plant, or even 
on other plants of the same species. Whether the Alga? named above and some 
Muscinerc are dichogamous is doubtful ; but the motility of the antherozoids renders 
it possible for them to reach the oosphcrcs of other plants or those on other 
branches of the same plant. 

Among Angiosperms, in addition to the common occurrence of dichogamy, 
there are also other contrivances of a very different nature which have the sole 
purpose of transferring the pollen of hermaphrodite flowers, by the help of insects, 
to the stigma of another flower of the same or of a different plant. In most 
Orchideae, Asclepiadea?, Viola , &c., the reproductive organs of each individual flower 
are developed at the same time, but at the time of maturity mechanical contrivances 
exist which prevent the pollen falling on the stigma of the same flower ; it must be 
carried by insects to other flowers. 

In other cases, as Hildebrand has shown in the case of Cory dal is cava 2 , the 
pollen does actually fall on the stigma of the same flower, but is there impotent, 
having the power of fertilising only when it falls on the stigma of a different flower, 
and only perfectly when carried to the flower of a different individual of the same 
species. Such a plant is therefore only morphologically hermaphrodite; it is 


1 K. C. Sprengcl (Das ncu cntdeckte Gcheimniss der Natur im Ban und in dcr Befruchtung der 
Blumen, Berlin, 1793, p 43) first gave expression to the pregnant idea, ‘Since a large number qf 
dowers arc diclinous and probably al least as many hermaphrodite flowers are dichogamous, 
Nature appears to have designed that no flower shall be fertilised by its own pollen.’ Darwin (On 
the Various Contrivances by which Orchids are Fertilised, London 1862, p. 359) says, * Nature 
tells us in the most emphatic manner that she abhors perpetual self-fertilisation ; * and again, *No 
hermaphrodite fertilises itself for a perpetuity of generations.’ [This last observation was first 
made by Andrew Knight in 1799 (Phil. Trans, p.202). — See Darwin, The Effects of Cross* and 
Self-Fertilisation in the Vegetable Kingdom, 1876.] 

2 [Ucber die befruchtung von Cnryrlalis cava , Jahib. fur wiss. Bot. 1866,] 
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physiologically dioecious. J. Scott states that Oncidium microchilum exhibits the 
same phenomena, the pollen not being potent on the stigma of the same flower 
while cross-pollination ensures fertilisation 1 ; the pollen and stigma are therefore 
without function except to the stigma and pollen of a different flower. Similar phe- 
nomena have been described by Gartner in the case of Lobelia fulgens and Verbascum 
nigrum , and in species of Begonia by Fritz Mtlller 8 . 

No less remarkable is another contrivance for the mutual fertilisation of different 
individuals of plants with hermaphrodite flowers, — Dimorphism :l (or Heterostylism), 
consisting in a difference between different individuals of the same species with 
reference to their reproductive organs. In one individual the flowers all have a long 
style and short filaments, while in another individual all the flowers have a short style 
and long filaments, as in Linum perenne , Primula sinensis , and other species of 
Primula . It sometimes happens also, as in Lythrum Salicaria and many species of 
Oxalis 4 , that the reproductive organs in the flowers of different specimens of the 
same species exhibit three different relative lengths ( Trimorphism ), there being an 
intermediate length of style between the long-styled and the short-styled forms. In 
these cases of dimorphism and trimorphism Darwin and Hildebrand have shown that 
fertilisation is possible only (in the case of Linum perenne) or at least has the best 
result when the pollen of the long-styled flower is carried to the short-styled stigma 
of another plant, and vice versa*. Where there arc three different lengths of style, 
fertilisation succeeds best when the pollen is carried to the stigma which stands at the 
same height in another flower as the anthers from which the pollen came. It will be 
seen that this is but an expansion of the same rule. 

. While in the very numerous diclinous, dichogamous, dimorphic, and trimorphic 
flowers, insects carry pollen from one flower to another, it is comparatively rare for 
cross-pollination to take place without the help of insects. This occurs in some 
Urticacett, as Pika and Broussone/ia, where the anthers emerge suddenly from the 
bud and scatter their light pollen in the air like a fine cloud of dust, which is then 
blown to the female organs of other flowers. In the Rye the arrangement is still 
simpler ; the flowers open separately, usually in the morning ; the filaments elongate 
rapidly and push the ripe anthers out of the pales; the anthers then hang down at 
the end of the long filaments, open, and allow the heavy pollen to fall down, thus 
reaching the stigmas of other flowers lower down in the same spike or in neigh- 
bouring spikes, being assisted in this by the oscillations of the haulm under the 
influence of the wind 

1 According to Fritz Muller (Hot. Zcit. 1868, p. 114), in some species of Oncidium the pollen- 
masses and stigmas of the same individual have a positively poisonous effect on one another. 

8 Fritz Midler, Hot. Zeit. 1864, p. 629. 

* [Darwin, O11 the Two Forms, or Dimorphic Condition, in the Species of Primula , Journ. 
Proe. Linn. Soc. Hot. 1862, p. 77 ; ditto, On the Existence of Two Forms, &c. of the Genus Linum , 
ibid., 1863, p. 69 ; ditto, On Trimorphism in Lythrum Salicaria, ibid., 1S64, p. 169; ditto. On the 
Character and TTybrid-like Nature of the Offspring fiom the illegitimate Unions of Dimorphic and 
Trimorphic Plants, Joum. Linn, Soc. 1868, p. 393; ditto, The Different Forms of Flowers on Plants 
of the same Species, 1877.] 

4 Hildebrand, Hot. Zeit. 1871, Nos. 25, 26. 

5 [Darwin has given the name of legitimate to the union of two distinct forms, illegitimate to the 
fertilisation of long- or short -styled plants by pollen from flowers of their own form.] 

6 [For a detailed account of the very remarkable phenomena connected with the pollination of 
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In connection with the tendency so clearly evidenced even among Cryptogams, 
and still more among Phanerogams, to prevent self-fertilisation within the same 
hermaphrodite group of sexual organs, it is a very remarkable fact that there are a 
number of plants among Angiosperms which form two kinds of hermaphrodite 
flowers, vis. large flowers which can generally be fertilised by the pollen of other 
flowers, and small, more or less depauperated flowers, sometimes underground, which 
never open [Cdeislogamous Flowers], the pollen emitting its tubes immediately from 
the anthers and thus fertilising the ovules. There occur therefore in these cases 
different kinds of flowers on the same individual, one kind being adapted for cross-, 
the other kind exclusively for self-fertilisation 1 . This occurs, for example, in Oxalis 
Acctosella , where the small flowers are formed close to the ground when the larger 
flowers have already ripened their fruit ; in Inipatiens Noli-mc-tangcre , Lamium 
amplexicaule , Specular ia perfoliata , many species of Viola, as V. odor at a, el at i or, 
canina , mirabilis , &c., Ruellia clandesiina , many Papilionaceae, as Amphicarpcca , and 
Voandzeia , Commelyna bengalemis , &c. When in these cases the large typically de- 
veloped flowers are fertile, cross-fertilisation with other flowers of the same species 
must happen occasionally in the course of generations, and the small depauperated 
self-fertilised flowers then seem to be a subsidiary contrivance whose purpose is 
altogether unknown. It is however remarkable, and apparently in contradiction to 
the general rule, that the large normal flowers sometimes exhibit a tendency to infer- 
tility (as in species of Viola) or are altogether unfruitful (as in Voandzeia), so that 
reproduction depends in such cases mainly or entirely on the cleistogamous self- 
fertilised flowers. But since there are many questions in connection with this subject 
which find their solution in the foregoing facts, these rare exceptions cannot over- 
throw the general law 2 . 

In other cases, as in most Fumariaceae, Carina irtdica , Salvia hirta , Linutn usita- 
tissimum , Draba verna , Brassica Rapa , Oxalis micranlha and semitiva , the pollen 
must also, according to Hildebrand, owing to the position of the sexual organs, fall 
on the stigma in the same flower, and is potent ; but in such cases, since the flowers 
are visited by insects, an occasional crossing with other flowers is not impossible. 
Even among Orchidese, where we find the most wonderful contrivances to prevent 
self-fertilisation, Darwin found an instance in Cephalanlhera grandiflora in which the 
pollen-tubes are emitted from the pollen-grains on to the stigma while the former 

Rye and other cereals, sec Hildebrand in Gardener’s Chronicle, March 15 and 22, and May 24, 1873 ; 
also A. S. Wilson, Trans. Bot Soc. Edin. XI. 506 and XII. 84. Flowers the pollination of which 
is effected by the wind are termed anemophilous , in contradistinction to the entomophilous , or those 
pollinated by the agency of insects.] 

1 II. v. Mohl, Kinige Bco.bachtungen iiber dimorphe Bliithen, Hot. Zeit. 1863, Nos. 42, 43. 
[See also A. W. Bennett on the closed self-fei tilised flowers of Impatient in Journ. Linn. Soc. 1872, 
p, 147; ditto, Pop. Sci. Rev. 1873, p. 337, In Jttncus bu/onius the pollen-tubes are emitted while 
the pollen-grains are still enclosed in the anther, perforating the wail of the latter. Henslow, On 
the Self-fertilisation of Plants, Trans. Linn. Soc., Scries II, vol. I, 1879.] 

2 [Herrmann Muller (Nature, vol. VIII. p. 433 et a cqi) has pointed out the existence of another 
kind of dimorphism, in which a species presents two different forms of flowers, one adapted to self- 
fertilisation, smaller and less brightly-colouied, growing in situations where there are but fe.w 
insects, the other adapted to cross-fertilisation, huger and more brightly-coloured, growing where 
insects abound. These two forms have occasionally been described as distinct varieties or even 
species. J 
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are still in the anthers ; but according to Darwin's experiments the number of good 
seeds produced is smaller when the plant is allowed to fertilise itself than when 
pollination is effected by foreign pollen with the help of insects. 

A clear comprehension of the phenomena of dichogamy, dimorphism, and the other 
contrivances for ensuring cross-fertilisation, can only be obtained by a careful study of 
numerous individual cases 1 . 

It is more clearly seen in the fertilisation of flowers than almost anywhere else how 
exactly the development of the organs is adapted to the fulfilment of a perfectly definite 
purpose. Each plant has its own peculiar contrivance for the conveyance of the pollen 
to the stigma of another flower. It is not possible to make many general remarks on 
this subject ; the following may suffice here. 

It must be noted in the first place that insects 2 carry pollen undesignedly while seek- 
ing the nectar of flowers which has been produced exclusively for their attraction. Flowers 
which are not visited by insects, and Cryptogams which do not require them, do not 
secrete any nectar. The position of the nectaries, usually concealed deep at the bottom 
of the flower, as well as the size, form, arrangement, and often also the movement of the 
parts of the flower during the time of pollination, are always of such a nature that the 
insect — sometimes of one particular species — must take up particular positions and make 
particular movements in obtaining the nectar, and thus cause the masses of pollen to 
become attached to its hairs, feet, or proboscis, and afterwards, when assuming similar 
positions, to be applied to the stigmas of other flowers. In dichogamous plants the 
movements of the stamens, styles, or branches of the stigmas assist this end, taking place 
frequently in such a way that at one time the open anthers occupy the same position 
in the flower that the receptive stigmas do at another time, so that the insect, when 
taking up the same position, touches the open anthers in one flower and the receptive 
stigmas in another flower with the same part of its body. The same result is also ob- 
tained in dimorphic flowers, the pollination being in these ca?es efficacious when anthers 
and stigmas which occupy the same position in different flowers are made mutually to 
act on one another. But there are besides many other contrivances, most variable in 
their nature and often perfectly astonishing, for effecting the conveyance of pollen by 
insects. A few examples may suffice. 


1 See especially K. C. Sprengel, Das neu cntdeckle Gcheimniss der Natur, &c., Beilin 1793. — 
Darwin, On the Fertilisation of Orchids, London 1862. — Hildebrand, Die Geschlechtervertheilung 
bei den Pflanzcn, u. das Gesetz der vermiedenen u. unvortheilhaften stetigen Sclbstbefruchtung, 
I^ipzig 1867. — Strasburger in Jenaische Zeitschrift, vol. VI, 1870, and Jahrb. fiir wiss. Bot. 
vol. VII, where the mode of fertilisation of Gymnospcrms, Marchanticae, and Kerns is described. 
[The most complete account of the phenomena of the reciprocal adaptation of flowers and insects 
to cross-fertilisation is contained in Herrmann Mullers Befruchtuug der Blumcn durch Insectcn u. die 
gegenseitigen Anpassungcn bcider, Leipzig, 1873, where also is a rfoumt of the literature of the sub- 
ject. See also Kblreuter, Vorlaufige Nachricht von einigen das Geschlecht betreffenden Versuchen, 
Leipzig 1761. — Delpino, Ulteriori osservazioni sulla dicogamia, Milan 1868-1870. — Axell, Om 
Anordningarna for fanerogama vaxtemas befruktning, 1869. — Darwin, On the Agency of Bees in 
the Fertilisation of Papilionaceous Flowers, Ann. and Mag. Nat. Hist. 3rd series, vol. II. p.461. 
—Ogle in Pop. Sci. Rev. 1869, p.261, and 1870, p. 45 (on Salvia). — Hildebrand in Leopoldina, 
1869 (Compositac) ; ditto, in Monatsber. der Berlin. Akad/1872 (Grasses). — Farrer in Ann. and 
Mag. Nat. Hist. 1868; Nature, vol. VI, 1872, p.478 et sey. (Papilionaccre). — A.W. Pennett, in Pop. 
Sci. Rev. 1873, p.337. — H. Miiller, in Nature, vols. VIII, I)£, and X. — Sir J. Lubbock, On British 
Wild Flowers considered in relation to Insects, London 1875.] 

a J. G. Kblreuter first recognised the necessity of insect help, and described special contrivances 
for pollination, in his Voilaufige Nachricht von einigen das Geschlecht der Pflanzen betreffenden 
Versuchen, 1761. 
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(i) Dichogamous Flowers 1 2 are either protandrous or protogynous a . In the former the 
stamens are developed first, their anthers opening at a time when the stigmas are still 
undeveloped and not yet receptive ; the stigmatic surface is only developed later, and 
usually not till the pollen has been carried away from the anthers by insects ; they can 
then only be fertilised by the pollen of younger flowers. To this category belong the 
various species of Geranium , Pelargonium^ Rpilobium, Matoa^ Umbellifera;, Composite, 
Gampanulaceae, Labiatac, Digitalis , &c. The phenomena referred to, especially the 
movements of the stamens and stigmas, are so readily observed in these cases, e.g. in 
Geranium and Althaea , that no further description is necessary. In protogynous flowers 



Mi. nm.—slmtt'ivf/tm ( leuiatitis \ a pint* ol a stem st with 
irtuile t > ; in tin. axil uf tins art- flowers of different ages; i, i 
muni; flowers not yet fertihs«*d ; j fertilised litmus, the pedicels 
lent dnwnwiiuls; L swollen p.ut of the tube of the penanth r\f the 
nfcrior ov.iry (natuial size). 


Fir.. 489.— An&tolochia itvmattti r. the pciiantli rut 
through longitudinally. A before, Ji after pollination 

the stigma is receptive before the anthers in the same flower are mature ; when these 
subsequently open and allow the pollen to escape, the stigma has already been pollinated 
by foreign pollen or has even withered up and fallen off (as in Parietaria diffusa) ; and 
the pollen of these flowers can therefore only be applied to the fertilisation of younger 



1 F. Delpino, Ulterior! osservazioni sulla dicogamia nel regno vegetabile, Atti della soc. Ital. 
di sci. nat. vol. XIII, 1869, and Bot. Zeit. 1871, No. 26 et h eq . ; ditto, in Bot. Zcit. 1869, p. 79 2. 

2 [For a list of British protandrous, protogynous, and ‘synacimc* plants (or those in which the 
male and female organs are mature at nearly the same time), see A. W. Bennett in Journal of 
Botany, 1870, p. 315, and 1873, p. 329.] 
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flowers. To this class belong Scrophularia nodosa, Mandragora vernal is, Scopolia atropoides , 
Plantago media , Lu%ula pilosa , Anthoxanthum odoratum , &c. Among protogynous flowers 
Aristokchia Clematitis is characterised by striking and peculiar contrivances. 

In Fig. 489 A is shown a young flower cut through lengthwise; the stigmatic sur- 
face n is already in a receptive condition, but the anthers are still closed; a small 
fly i t which has brought on its back a mass of pollen from an older flower, makes its 
way in through the narrow throat of the perianth, and runs about in the globular 
swelling k ; as many as from six to ten flies are not unfrequently found in one flower. 
They are shut up and cannot escape, because the throat of the perianth r is furnished 
with long hairs moving as on a hinge, which present no impediment to the entrance of 
the insect, but prevent its escape like a trap. While the insect is moving about in 
the cavity, its back laden with pollen comes into contact with the stigmatic surface 
and pollinates it, in consequence of which the lobes of the stigma curve upwards, as 
is shown in Fig. 489 B, n> As soon as this has taken place, the anthers, previously 
closed, open; they are laid bare by the change in the position of the stigmas, and 
are rendered accessible by the withering up of the hairs at the bottom of the cavity 
of the flower, which has now become wider. The flies which have now carried their 
pollen on to the stigmatic surface can therefore creep down to the open anthers, 
where the pollen again becomes attached to them. By this time the throat of the 
perianth r has again become passable, the net-work of hairs in it having died and 
withered away after the pollination of the stigma. The insect, laden with the pollen 
of this flower, can now escape, and again performs the same work in another flower. 
But while the changes which have been described are taking place inside the flower, 
its position has also altered. As long as the stigma is still receptive, the pedicel is 
erect and the perianth open outwards (Fig. 488 / /), so that the visiting flies find a door 
hospitably open. But as soon as the pollination of the stigma has been effected, the 
pedicel bends sharply downwards just beneath the ovary, and when the flies, again 
laden with pollen, have flown out of the flower, the standard-like lobe of the perianth 
above the mouth of the tube (Fig. 489 B) closes, preventing the entrance of the flies, 
whose visits would now be useless. 

(2) Flowers in which the anthers and stigmas are mature at the same time , hut self- 
fertilisation is hindered or prevented by the position of the organs and by mechanical contri- 
vances . The pollen is in these cases also usually carried to the stigma by insects, but 
generally in such a manner that the stigma can only be pollinated by the pollen from 
another flower, though sometimes, as in Asclepiadeae, pollination from the same flower 
is not impossible in addition to cross-fertilisation. The contrivances for this purpose 
are astonishingly numerous, and sometimes so complicated that their purpose can only 
be detected by very careful investigation. To this category belong, for example, the 
various species of Iris , Crocus , and Pedicularis , many Labiatac, Melastomaccae, Passiflor- 
aceae, and Papilionaeex*. Among the most interesting examples are the Asdcpiadeae, 
in which however the contrivances could be explained only by lengthy descriptions and 
a large number of illustrations 1 . In Salvia pratensis and some other species of this genus 
the mechanical contrivance for preventing self-fertilisation and for ensuring crossing 2 is 
extremely beautiful and easy to understand. Fig. 490 represents a flower of S. pratensis 
seen from the side; at n is the two-lipped stigma in a receptive condition; and indicated 
by a dotted line inside the upper lip of the corolla is the position of one of the two sta- 
mens. If a pin is inserted into the tube of the corolla in the direction of the arrow, the 
two stamens spring out, as indicated at a; if a humble*bee inserts its proboscis in order 
to obtain the honey, the open anthers strike the back of the insect, and some of the 
pollen adheres to a particular part ; when the bee places itself in the same position in 


1 For a fuller description, see R. Brown, Observations on the Organs and Mode of Fecundation 
in Orchidece and Asclepiadeoe ; Trans. Linn. Soc. 1833, and Hildebrand in Bot. Zeit. 1867, No. 33. 

2 For further details, see Hildebrand. Jahrb. fiir wiss. Bot. vol. IV, 1865, p. 1. 
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another flower, the pollen is rubbed off its back on to the stigma. The cause of the 
stamen springing out in this way is made sufficiently clear in Fig. 490 B. This shows the 
short true filaments f f which adhere by their bases to the sides of the corolla-tube, and 
bear at their upper end the long connective c x , which oscillates readily about its point 
of attachment. Only the upper longer and slender arm of each connective c bears an 
anther-lobe a , the lower shorter arm * is without an anther, and is applied to that of the 
other stamen in such a manner that the two form together a kind of arm-chair. When 
the proboscis of the bee in search of honey penetrates the flower in the direction of 




FIG. 491.— Salvia pratensis: a corolla with stigmas u ami fet tile anther-lobes a ; /»* staiuc 


the arrow, the lower arm of the connective is pressed down, and the upper arm c is 
made to move forward, and thus to strike the back of the insect. 

In the Pansy (Ho la tricolor) we have quite a different contrivance for preventing the 
possibility of self-fertilisation. In Fig. 491, A and B, is shown the position and arrange- 
ment of the parts of the flower. The cavity of the flower enclosed by the petals is 
completely filled up by the anthers and ovary, with the exception of the tubular spur of 
the inferior petal in which the nectar collects, secreted by the appendages of the two 
inferior stamens. The only entrance to this nectary, which therefore lies behind the 



FlO. 491— Vwla tricolor : A longitudinal section through the flower (natural size); B the o /ary fertilised and swollen ; 
the filaments have been ruptured and the anthers drawn up by the growth of the ovary ; ( the stigma with its orifice o and 
lip Ip, on the style gr (magnified) ; / sepals. Is prolonged base of the sepals, t petals, cs spin of the inferior petals or 
nectary ; J\ appendages of the two inferior stamens projecting »uto the spur, winch secrete the nectar, a the anthers, 
tt stigma, v bracts; D horizontal section through the ovary with the three plnccnta: sp and ovules jA'; E horizontal 
section through an unripe anther. 


reproductive organs, is through a deep channel in the inferior petal, lined with hairs. 
The upper and lateral petals incline towards one another in front of the ovary which 
is surrounded by the anthers, and above the channel in such a manner that the entrance 
to it is entirely filled up by the capitate stigma B, n . The stigma is seated on a flexible 
style (C, gr) y is hollow and opens by an orifice which faces the hairy channel of the 
lower petal ; the lower and posterior margin of this orifice has a lip-like appendage. 
The anthers open of their own accord, and the pollen in the form of a yellow powder 
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collects below and behind the stigma among the hairs of the channel. An insect 
which has already brought pollen on its proboscis from another flower inserts its pro- 
boscis beneath the stigma through the channel into the nectary. The foreign pollen, 
which is attached to the proboscis, is thus rubbed off on to the lip of the stigma, it is de- 
tained by the viscid secretion which fills up the hollow of the latter, and subsequently 
emits its pollen-tubes through the canal of the style. While the insect is sucking 
the nectar in the spur, the pollen of this flower, which lies in the channel behind the 
stigma, becomes attached to the proboscis ; when the proboscis is again drawn out, 
this pollen does not come into contact with the viscid stigma, the lip being drawn 
forward by the motion ol the proboscis, and the orifice of the stigma protected. The 
pollen that is removed from this flower is now carried, in the manner described, to 
the stigma of another flower. If the insect were to insert its proboscis again into the 
nectary ot the same flower, the pollen would be detached into the cavity of its own 



Fin. 492 Inti folia : si longitudinal section tliroup.li a flowcrdnid; 7 ,’ open flower after removal 

if the perianth with the exception of the l.ihelhiin /; C the reproductive organs after removal of the perianth 
ten from below and in trout ; /> ns />’, the point of a lead-petu il t> inserted after the manner of the ptoliosi i>. of 
m nistLt; A and 1 ' the lcad-pem d with the pollinu .ittmhed; J A ovary, / Ltbelhim, its bag-likt* depression 
lervnij' as a nectary, n the broad stigma, in the t i.nncctm of the single fertile anther, f> polhuiu, h the rostcllum, 
a the two lateral glumldikc .slnmiitodcs, t place where the lahcllum has been cut off, \ the gynostemium. 


stigma; but, as Hildebrand has remarked, insects do not usually do this, but suck up 
the nectar only once, and then visit another (lower. The proceedings of the insect 
may be imitated by inserting a fine sharp pin beneath the stigma into the channel 
and again withdrawing it, and filling with the pollen thus removed the stigmatic 
cavity of another flower. 

The contrivances for cross-pollination in Orchids, as numerous as they are compli- 
cated and ingenious, have been described in detail by Darwin in the work already 
named 1 . One of the simpler cases, and the most frequent in its main features, may be 
briefly described in the case of Epipactij lat'ifolia . At the time when the reproductive 
organs are mature, the flower stands, in consequence of a torsion of its pedicel, so that 
the true posterior leaf of the six that form the perianth (the lahcllum) hangs in front and 

1 Sec also Wolff, Beitrage zur Entwickelungsgesehichte tier Orchideen-bllithe, in Jahrb. fiir wiss. 

Bot. vol. IV, 1865. 
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downward; it is hollowed out in its lower part, and is thus transformed into a receptacle 
for the nectar which it secretes (Fig. 492, B, 1 ), /). The sexual organs, borne on the 
gynostemium S (in C), project obliquely above this nectary; the stigma forms a disc 
with several lips hollowed out and viscid in the centre, the surface of which is in- 
clined obliquely above the nectary. 1 he two gland-like staminodes x x stand right 
and left beside the stigma; above the stigma and covering it like a roof lies the 
single fertile anther, of considerable size, which is again on its part protected above 
by its cushion-like connective cn\ the lateral walls of the two anther-lobes burst 
lengthwise right and left, so that their pollen-masses (pollinia) became partially exposed, 
the pollen-grains remaining attached to one another by a viscid substance. In front ot 
the middle of the anther and above the stigmatic surface is the rostellum />, a peculiarly 
metamorphosed part ot the stigma (see A ) ; the tissue of the rostellum is transformed 
into a viscid substance covered only by a thin membrane. The flower of Iipipactis is 
not fertilised if left to itself; the pollinia do not fall of their own accord out of the 
anther, and would even then not reach the stigmatic surface; they must be carried away 
by insects to the stigma of other flowers. The mode in which this is effected is ex- 
plained by inserting the point of a blaek-lcad pencil into the flower in a direction towards 
the bottom of the labcllum and beneath the stigmatic surface; if it is then pressed 
slightly against the rostellum. and again withdrawn slowly in this position (f)) t the viscid 
mass of tl/e rostellum or adhesive disc of the pollinia to which the pollen-masses are 
attached remains sticking to the pencil. The pollinia are now completely removed from 
the two anther-lobes by the withdrawing of the pencil, as is shown in E and b\ If the 
pencil with its pollinia attached is now again inserted into another flower in the direction 
of the bottom of the labcllum, the pollinia necessarily come into contact with the viscid 
stigmatic surface and adhere firmly to it ; when the pencil is again withdrawn they arc 
left behind, being partially or entirely torn from the pencil. In consequence of the form 
and position of the parts of the flower, an insect which settles on the anterior part of the 
labellmn would in the same manner be able to creep into the bottom of the nectary with- 
out disturbing the rostellum ; but when it again crept out after obtaining the nectar, it 
would strike against it and carry off the pollinia; and on crawling into a second flower, 
these would come into contact with the viscid stigma, and would remain attached to it. 
In some other Orchideai the contrivances are much more complicated. 

(3) The ripe pollen has often to remain for a considerable time in the open anthers, 
in the case of flowers in which pollination is effected by insects, before it is carried 
away. During this time it might be blown away by the wind or wetted by rain or dew. 
In order to prevent this, numerous and very different contrivances exist which protect 
the pollen. For details see Kerner, Die Schulzmittel des Pollens (Innsbruck, 187 3). 

Sect. 34. — Hybridisation 1 . In the preceding paragraphs wc have spoken 
only of the union of the reproductive cells of the same plant, or of two individuals of 
the same species. Wc learn however from experience that a fertile sexual union can 
take place between plants which are specifically distinct. A union of this kind is 
called Hybridisation , and its product a Hybrid. According as the union takes place 
between different varieties of one species, different species of one genus, or between 


1 J. G. Kblrcuter, Vorlaufige Nachriehl von einigen (las Gcsclilecht der Pflanzen betriffendcn 
Vcrsuchcn 11. Beobachturigen, Leipzig 1761; Appendices in 1763, 1764, and 1766.-- W. Herbert, 
On Amaryllidaccw, with a treatise on <:ros.s-bicd vegetables; London, 1837. — Gartner, Versuche 11. 
Beobachtungen iiber die Bastard ermigung ini Pflnnzenicicli : Stuttgart, 1849. [See notice by 
Berkeley, Journ. Roy. Hort. Soc. vol. V, 1850, p 156] — Wichura, Die Rasta rdbefiuchtung im 
l'flanzenreich, crlauterl an den Bastarden der Wciden twith two nature-printed plates); Bicslau, 
1865. [See abstract by Berkeley, Journ. Roy. liort. Soc. new series, vol. I, 1850, p. 57. — Focke, 
Pflanzen Misehlinge, 1881 ] 
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two species belonging to different genera, the resulting hybrid may be termed a 
variety-hybrid, species-hybrid, or genus-hybrid. 

Among Cryptogams only a few instances of hybridisation are known with 
certainty. Thuret (Ann. des sci. nat., 1855) obtained hybrid plants by bringing 
antherozoids of Fucus serratus into contact with oospheres of F. vesiculosus . In 
some other families of Cryptogams forms have been found which have been sup- 
posed, from their characters, to have a hybrid origin. Thus A. Braun (Verjiingung, 
p. 329) adduces instances of hybrids between Mosses 1 , Physcomitrium pyriforme and 
Funaria hygrometrica, and between Physcomitrium fasciculare and Funaria hygro- 
meirica , and between the following species of Ferns — Gymnogramme chry sophy /la 
and G. calomclan i, G. chry sophy lla and G. distanSy and Aspidium Filix mas and 
A . spinulosum 2 . 

The most important observations from a scientific point of view, which have 
given us the clearest insight into the nature of the difference of sex, are however 
those made on hybrids between llowering plants, resulting from the artificial convey- 
ance of pollen from one species to another. Nagcli has collected the results of 
many thousand experiments on hybridisation made by Kolreuter in the last century, 
and more recently by Knight, Gartner, Herbert, Wichura, and other observers. The 
following facts are taken chiefly from Nageli’s resume 3 . 

1. Only those forms which are closely related genetically can produce hybrids. 
They are formed most easily between different varieties of the same species ; with 
greater difficulty — but are still possible in a great number of cases — between two 
species of the same genus ; of hybrids between species which belong to different 
genera only a very few instances are known, and it is probable that in these cases 
the species ought to be included in the same genus. The facility with which 
hybrids can be produced varies extremely in different orders, families, and genera of 
Angiosperms. The phenomenon is frequent among Liliaceac, Irideoe, Nyctagineoe, 
Lobeliacece, Solanaceae, Serophulariacca!, Gcsneracex, Primulaceie, Ericaceae, Ranun- 
culaceie, Passifloraceae, Cactaceae, Caryophyllaceae, Malvaceae, Geraniacex, CEnothe- 
reie, Rosaceae, and Salicineoe. It does not occur at ail, or only very exceptionally, 
in Gramineae, Urticaceae, Labiatae 4 , Convolvulaceoe, Polemoniaceae, Grossulariacese, 
Papaveracex, Crucifenc, Ilypericineac, and Papilionaceae. Even genera of the same 
order or family differ in this respect. Among Caryophyllaceae, the species of 
Dianthus hybridise easily, those of Silene only with difficulty; among Solanacece, 
the species of Nicotiana and Datura have a tendency to produce hybrids, while 
those of Solatium , Physalis, and Nycandra have not; among Scrophulariaccse, 
Vcrbasctim 6 and Digitalis , but not J* cuts lemon, Linaria , or Antirrhinum ; among 
Rosaceoe, Geum, but not Potentilla. 


1 [See also H. Thilibert, LTIybridation dans les Mousses ( Grimmia ), Ann. dcs sci. nat. 1873, 
vol. XVII. p. 225.J 

2 [See also T. Moore on Adiantum farleyetise, Journ. Roy. liort. Soc. new series, I. p. 83 ; 
Berkeley on Asplenium ebetioides, Scott, ibid. p. 137.] 

3 Nagcli, Sitzungsber. der k. bayer. Akad, der Wiss. in Munclien, Pec. 23, T865, and Jan. 13, 
i860. Also Kemer, in Oesterreich. Bol. Zeitsch. Wien. XXI 

4 [Stachys ambigtm Sm. is considered to be a hybrid between S. sylvntica and S. palustrisl] 

[On hybridity in the genus Verba scum, sec Darwin, Journ Linn. Soc. 186K, p. 437.] 

3 N 2 
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Hybridisation between species belonging to different genera has been observed 
between Lychnis and Silcne , Rhododcmlt on and Azalea , Rhododendron and Rhodora , 
Azalea and Rhodora , Rhododendron and Kalmia, Rhododendron and Metiziesia l , 
jEgilops and Triticum , and between Echinocaclus , Cercus , and PhyUocadus , to which 
must be added a few wild forms which appear to be genus hybrids. 

2. Besides the near genetic relationship, the possibility of the production of 
hybrids depends also on a certain relationship between the parent-plants, which is 
manifested only in the result of hybridisation, and which Nageli calls ‘Sexual Affinity/ 
This kind of affinity is not always concurrent with the external resemblance of the 
plants. Thus, for example, hybrids have never been obtained between the Apple 
and Pear' 2 , A nay all is arvinis and cccrulea , Primula officinalis and elatior , or Nigel la 
dam ascena and saliva , nor between many other pairs of species belonging to the same 
genus which are very nearly allied to one another; while in other cases very dis- 
similar forms unite, as JUgilops oval a with Triticum vu/garc, Lychnis diurna with 

L. Rlos-cw uli } Cercus spec ioslssimus with PhyUocadus Ply l l an thus, the Peach with the 
Almond. A still more striking proof of the difference between sexual and genetic 
affinity is r^fforded by the fact that varieties of the same species will sometimes be 
partially or altogether infertile with one another, as e.g. Silcne in/lata var. alpina with 
var. angustifolia , var. latifolia with vat, litloralis , &c. 

3. When a sexual union is possible between two species A and B, A can usually 
produce hybrids when fertilised by the pollen of B, and B when fertilised by the 
pollen of A (reciprocal hybridisation). But there are cases in which A can only be 
the male and B only the female parent plant, the pollination of A by B yielding no 
result. Thus Thuret found, as has already been mentioned, that Rue us vesiculosus 
produces hybrids with the antherozoids of P\ serralus , while the oospheres of the 
latter species could not be fertilised by the antherozoids of the former. Gartner 
states that Nicoliana panic ulata produces hybrid seeds when acted on by the pollen 
of X. Langsdorjii, while the latter does not under the influence of the pollen of the 
former. Kolreuter easily obtained seeds of Mirahilis Ja/apa with the pollen of 

M. longijlora , while more than two hundred experiments on pollinating the latter by 
the former species extending over eight years produced no result. 

4. Sexual affinity presents a great variety of gradations. At one extreme we 
have complete infertility under the influence of the pollen of another variety or 
species, the pollen-tubes not even entering the stigma, and the pollinated flower 
behaving precisely as if no pollen had reached it; the other extreme is shown in 
the production of numerous hybrids, which not only grow vigorously, but are them- 
selves fertile. The lowest degree of the action of pollen of a different kind consists 
in various changes taking place in the parts of the flower of the mother-plant, the 
ovary or even the ovules also growing, without any embryo being produced. 
A higher degree is manifested in the production of ripe normal fruits and seeds 

1 [The history of the plant which is here intended is given in the botanical Gazette, vol. HI. 
p. 82. It was laised from seed of Bryanthus (Metiziesia) empetriformia , supposed to he fertilised by 
tlie pollen of Rhodothamnus (Rhododendron) Chctmaccisfus. It is figured under the name of Bryanthus 
erect ns in Paxton’s Mower Garden, vol. T. t. i<>; hut it agrees well with specimens of its female 
pnrent hom the Rocky Mountains, and is probably therefore not a hybiid at all.] 

* [An instance to the contrary is recorded in the True. Acad. Philadelphia, 1871, vol. I. p. 10.] 
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containing embryos, but these embryos having no power of germination. Further 
steps are indicated by the number of embryos which have the power of germination 
that are produced in the ovary ! . 

5. When pollen from different species is applied simultaneously to the same 
stigma, only one kind is potent, viz, that from the species which has the greatest 
sexual affinity to the one that is pollinated. And since, as a general law, pollen is 
most efficacious on a different flower of the same species — in other words, the highest 
degree of sexual affinity occurs between different individuals of the same species — 
when a stigma is pollinated at the same time with pollen of the same and of another 
species, the first only is potent. But since, on the other hand, hybrids are sometimes 
more easily produced between varieties than between individuals of the same variety, 
in this case the foreign pollen may be prepotent over that of the same kind. When 
the pollen of different species reaches the stigma at the same time, and if that which 
reaches it later has a greater sexual affinity, it can only be potent when the first is 
not potent or acts injuriously. In Nicotiana the production of hybrids can no longer 
be prevented by its own pollen after two hours, in Malva and Hibiscus after three 
hours, in Dianthus after five or six hours. 

6. The hybrid is possessed of external characters intermediate between those of 
its parent-forms, usually nearly half way between; less often it resembles one of the 
parent-forms more nearly than the other, and this is more often the case with variety- 
hybrids than with species-hybrids. It follows that in reciprocal hybrids from the 
species A and B, the hybrid A IJ is generally similar externally to the hybrid B A, 
though the two forms may differ somewhat internally. Thus, according to Gartner, 
the hybrid Nicotiana paniculato-rustica is more fertile than the reciprocal hybrid 
Nicotiana 1 uslico - pan icuU 1 la \ An internal difference between reciprocal hybrids is 
also shown by the fact that one is more variable than the other ; thus, according to 
Gartner, the progeny of Digitalis purpurco-lulea is more variable than that of D. luteo- 
purpurea , the progeny of Dianthus pulchello-arcna rius more variable than that of 
D, a rena rio-pulch elf us. 

When two species A and B hybridise, and the one species A exercises a 
greater influence on the form and properties of the hybrid than the other species 
B, the hybrid or its descendants, if fertilised by A, will revert more quickly to the 
parent-form A than it will to the parent-form B if fertilised by it. Thus Gartner 
states that the hybrid of Dianthus chinensis and D. Caryophyllus reverts to the 
latter form after three or four generations if repeatedly fertilised by it, while it 
requires fertilisation for five or six generations by D> chinensis in order to revert to 
that form. 

7. The characteristics of the parent-forms arc as a rule so transmitted to the 
hybrid that the influence of both is manifested in all its characters, producing a 
fusion of the different peculiaiitics. This is more evident in the species- than in 
the variety-hybrids ; in the latter some of the non-essential characters of the parents 
sometimes present themselves in the offspring uncombincd side by side ; e.g . various 

1 Sec Hildebrand, Bast ardi rungs versuchc an Orchideen, Bot. Zeit. 1865, No. 31. 

2 In this mode of designating hybrids, the name of the male parent-plant stands first ; thus 
Nicotiana ru&tico-panicuiata is the product of the fertilisation of N. paniculata by the pollen of 
N. rustica. 
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Hybridisation between species belonging to different genera has been observed 
between Lychnis and Silent * , Rhododendt on and Azalea , Rhododendron and Rhodora , 
Azalea and Rhodora , Rhododendron and Kalrnia , Rhododendron and Menziesia \ 
uEgilops and Triticum , and between Echinocaclus , Cereus , and Phyllocactus , to which 
must be added a few wild forms which appear to be genus-hybrids. 

2. Besides the near genetic relationship, the possibility of the production of 
hybrids depends also on a certain relationship between the parent-plants, which is 
manifested only in the result of hybridisation, and which Nageli calls ‘Sexual Affinity/ 
This kind of affinity is not always concurrent with the external resemblance of the 
plants. Thus, for example, hybrids have never been obtained between the Apple 
and Pear*', arvenis and ctcrulea , Primula officinalis and elalior , or Nigelta 

dam a seen a and saliva , nor between many other pairs of species belonging to the same 
genus which are very nearly allied to one another; while in other cases very dis- 
similar forms unite, as jE git ops ovata with Triticum vutgare, Lychnis diurna with 
L, Fbs-cuculi, Cereus spec ins is sim us with Phyllocactus Phyllanlhus , the Peach with the 
Almond. A still more striking proof of the difference between sexual and genetic 
affinity is r/Torded by the fact that varieties of the same species will sometimes be 
partially or altogether infertile with one another, as e.g. Silcnc inflata var. alpina with 
var. august folia, var. la f folia with vai. littoral is, &c. 

). When a sexual union is possible between two species A and B, A can usually 
produce hybrids when fertilised by the pollen of B, and B when fertilised by the 
pollen of A (reciprocal hybridisation). But there are cases in which A can only be 
the male and B only the female parent plant, the pollination of A bv B yielding no 
result. Thus Thuret found, as has already been mentioned, that Fucus vcsiculosus 
produces hybrids with the antherozoids of F. serrafus , while the oospheres of the 
latter species could not be fertilised by the antherozoids of the former. Gartner 
states that Xitoliana panhulala produces hybrid seeds when acted on by the pollen 
of /V. langsdorfii , while the latter does not under the influence of the pollen of the 
fonner. Kolreuter easily obtained seeds of Alirabilis Jalapa with the pollen of 
A I. longiflo/a , while more than two hundred experiments on pollinating the latter by 
the former species extending over eight years produced no result. 

4. Sexual affinity presents a great variety of gradations. At one extreme we 
have complete infertility under the influence of the pollen of another variety or 
species, the pollen-tubes not even entering the stigma, and the pollinated flower 
behaving precisely as if no pollen had reached it ; the other extreme is shown in 
the production of numerous hybrids, which not only grow vigorously, but are them- 
selves fertile. The lowest degree of the action of pollen of a different kind consists 
in various changes taking place in the parts of the flower of the mother-plant, the 
ovary or even the ovules also growing, without any embryo being produced. 
A higher degree is manifested in the production of ripe normal fruits and seeds 


1 [The history of the plant which is here intended is given in the Botanical Gazette, vol. III. 
p. 82. It was raised from seed of Dry an thus ( Menziesia ) empetriformis , supposed to be fertilised by 
the pollen of Rhadolhamnus ( Rhododendron ) Chamcecistus. it is figured under the name of Rryanthus 
erectus in 1 ’ax ton’s Flower Garden, vol. 1 . t. 19; but it agrees well with specimens of its female 
paicn I iiom the Rocky Mountains, and is probably therefore not a hybiid at all.] 

~ [An instance to the contrary is recorded in the l'roc. Acad. Philadelphia, 1871, vol. 1 . p. 10.] 
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containing embryos, but these embryos having no power of germination. Further 
steps are indicated by the number of embryos which have the power of germination 
that are produced in the ovary \ 

5. When pollen from different species is applied simultaneously to the same 
stigma, only one kind is potent, viz. that from the species which has the greatest 
sexual affinity to the one that is pollinated. And since, as a general law, pollen is 
most efficacious on a different flower of the same species — in other words, the highest 
degree of sexual affinity occurs between different individuals of the same species — 
when a stigma is pollinated at the same time with pollen of the same and of another 
species, the first only is potent. But since, on the other hand, hybrids are sometimes 
more easily produced between varieties than between individuals of the same variety, 
in this case the foreign pollen may be prepotent over that of the same kind. When 
the pollen of different species reaches the stigma at the same time, and if that which 
reaches it later has a greater sexual affinity, it can only be potent when the first is 
not potent or acts injuriously. In Nicotiana the production of hybrids can no longer 
be prevented by its own pollen after two hours, in Malva and Hibiscus after three 
hours, in Dianthus after five or six hours. 

6. The hybrid is possessed of external characters intermediate between those of 
its parent-forms, usually nearly half way between; less often it resembles one of the 
parent-forms more nearly than the other, and this is more often the case with variety- 
hybrids than with species-hybrids. It follows that in reciprocal hybrids from the 
species A and II, the hybrid A B is generally similar externally to the hybrid B A, 
though the two forms may differ somewhat internally. Thus, according to Gartner, 
the hybrid Nicotiana paniculato-rustica is more fertile than the reciprocal hybrid 
Nicotiana ruslico-paniculata \ An internal difference between reciprocal hybrids is 
also shown by the fact that one is more variable than the other ; thus, according to 
Gartner, the progeny of Digitalis putpureo-lutca is more variable than that of D . luteo- 
purpurca , the progeny of Dianthus pulchetlo-arcnarius more variable than that of 
D. arenario-pulchcJlns » 

When two species A and B hybridise, and the one species A exercises a 
greater influence on the form and properties of the hybrid than the other species 
B, the hybrid or its descendants, if fertilised by A, will revert more quickly to the 
parent-form A than it will to the parent-form B if fertilised by it. Thus Gartner 
states that the hybrid of Dianthus chinmsis and D. Caryophyllus reverts to the 
latter form after three or four generations if repeatedly fertilised by it, while it 
requires fertilisation for five or six generations by D. ch incus is in order to revert to 
that form. 

7. The characteristics of the parent-forms are as a rule so transmitted to the 
hybrid that the influence of both is manifested in all its characters, producing a 
fusion of the dilferent peculiarities. This is more evident in the species- than in 
the variety-hybrids ; in the latter some of the non-essential characters of the parents 
sometimes present themselves in the offspring uncombined side by side ; e.g. various 

1 See Hildebrand, Bastardirungsvcrsnche an Orchideen, Hot. Zcit. 1865, No. 31. 

a In this mode of designating hybrids, the name of the malt* parent-plant stands first ; thus 
Nicotiana rustico-paniculata is the product of the fert illation of N. paniculata by the pollen of 
N, rustica. 
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The results of hybridisation are important with respect to the theory of sexuality, 
because there is no boundary-line or essential distinction between the self-fertilisation 
of pure species or varieties and their fertilisation by other species or varieties; and 
because in the latter case — in other words in hybridisation — certain peculiarities of sexual 
differentiation and union are rendered more evident. The two extremes of the con- 
ditions under which a fertile union of sexual cells is possible lie at a great distance from 
one another, but are connected by very numerous transitions. One extreme is presented 
in the genus Rhyne honema, where a fertile sexual union of sister-cells takes place 
regularly; the other extreme is furnished in genus-hybrids, where the uniting cells 
belong to very different forms of plants whose descent from a common ancestor dates 
back to a remote antiquity. But the great majority of phenomena in the vegetable 
kingdom show that sexual union is usually most productive when the cells stand neither 
in too close nor in too remote an affinity to one another ; self-fertilisation is in the vast 
majority of cases as carefully avoided as the hybridisation of different species or genera. 
The phenomena may be comprised in the statement that the original form of sexual 
differentiation was probably the simultaneous formation of male and female organs in 
close juxtaposition on the same plant, but that sexual union is more potent and more 
favourable for the maintenance of the race when the closely contiguous cells do not 
unite, but those of different descent, a certain mean amount of difference of descent 
being established as the most favourable. This mean of the difference of descent 
associated with a maximum of sexual potency is obtained when the sexual cells belong 
to different individuals of the same species 1 2 . 'The arrangements described in the pre- 
ceding paragraphs which are manifested in polygamy, diclinism, dichogamy, dimorphism, 
the impotence of pollen on the stigma of the same flower (as in Cory d alts and 
Oncidium ), the mechanical contrivances for rendering self-fertilisation impossible (as 
in Aristolocbia Cl an a tit is , many Orchidcsc, &c.), are different means for promoting the 
cross-fertilisation of individuals belonging to the same species or for rendering it alone 
possible. 


CHATTER VII. 

THE ORIGIN OF SPECIES. 

Sect. 35. — Origin of Varieties. The characters of plants are transmitted to 
their descendants, or, in oilier words, are hereditary. But, in addition to the inherited 
properties, new characters may arise in a smaller or larger number of the descendants 
of a plant which weie not possessed by the parent-plants. Thus, for example, 
Dcscemel obtained in 1803 “, among the seedlings from Robinia Pseud-acacia , an 
individual without spines; Duchesne, in 1761 3 , among seedlings of the Strawberry, 
one with simple instead of trifoliolatc leaves ; and Godron 4 , among seedlings of 
Datura Taiula , one with smooth instead of spiny capsules. 

1 [See Darwin, Variation of Animah and Plants under Domestication, vol. 11 . chap, xvii, where 
several illustrations of the law are given.]! 

2 See Chevreul, Ann. des sci. nal. 1 846, vol. VI. p. 157. [Journ. Roy. Unit. Soc. vol. VI, 
ix 5 r, p.61.] 

" f or further details, See Ustcri, Annalen der Botanik, vol. V. p ^o. 

1 Set- .Viudm, C’oinpt. lend. 1867, vol. 1 .X 1 V p. 92^. 
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The characters which arise in single descendants are often only individual, 
i. e. they are not again transmitted to their descendants. Thus the seeds of the un- 
armed Robinia produce again spiny plants resembling, not their immediate ancestor, 
but more remote ones ; while in other cases the new character is hereditary, though 
at first perhaps only partially so, the new form making its appearance only in a 
certain proportion of the descendants, while the others revert to the original form, as 
in Duchesne’s unifoliolate Strawberry. 

When a new character is transmitted by inheritance to new generations, the 
number of individuals that revert to the primitive form often decreases from gener- 
ation to generation, or the hereditary permanence of the new character increases ; 
they become more and more constant, and sometimes even as much so as those of 
the primitive form. Such new constant forms are termed Varieties'. 

The same parent-form may produce a smaller or larger number cither simul- 
taneously or in succession, sometimes even hundreds, of new forms ; and this is 
especially the case with cultivated plants. The enormous number of varieties of the 
Dahlia, differing in the colour, size, and form of the flowers and in their mode of 
growth, now cultivated in our gardens, have been derived since 1802 from the simple 
yellow-blossomed primitive form of Dahlia variabilis . The great variety of Pansies, 
distinguished chiefly by the colour of their flowers, have resulted since 1687 from the 
cultivation of the Viola tricolor of our fields with small flowers almost uniform in 
colour 1 2 3 . ^Still more numerous are the varieties of Cucurbita Pcpo , differing not only 
in the form of their fruit but also in all other characters ; and the same is the case 
with the Cabbage ( Brassica oteracea) and a vast number of other cultivated plants. 

Some plants have a special tendency to variation ; among native species, for 
example, the fruticosc Rubi, and those of Rosa and Ilieraciuni ; others, on the con- 
trary, are distinguished by great constancy in their characters, as for example Rye, 
which has as yet produced no hereditary varieties, notwithstanding long cultivation; 
while the nearly related species of Wheat (especially Triiicum vulgar e ) amyleum and 
tSpelhi) are distinguished by a number of old varieties and an ever-increasing number 
of new ones. 

I 3 y far the greater number of hereditary varieties are the product of sexual repro- 
duction; thus among Phanerogams the new characters appear suddenly in individual 
seedlings which differ at once from the parent-plant in these respects. Sometimes 
however it happens that particular buds develope differently from the other shoots 
of the same stock ; and of this Bud-variation n two different cases must be carefully 
distinguished, since their significance is altogether different. In the one case the ab- 
normal shoot of a stock which itself belongs to a variety resembles or reverts to 
the primitive form ; and this therefore is an instance not of the production but of 
the cessation of a new form. In the Botanic Garden at Munich there is, for example, 
a Beech-tree with divided leaves, itself a variety, a single, branch of which bears the 

1 For examples, see llofmeister, Allgcmeine Morphologic, p. 5,65. 

1 Darwin, The Variation of Animals and Plants under Domestication, vol. 1 . p. 368 et s eq. 

3 [T. Meehan adduces a number of remarkable instances of bud-variation in which hybiid- 
isation could not have taken any part ; — in Rubus which larely produces seeds in the wild state, 
Convolvulus Batatas, which seldom (lowers in Ameiica, &c. See Proceedings of the Philadelphia 
Acad, of Nat. Sci. Nov. 29. 1870.] 
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ordinary undivided entire leaves, or has reverted to the primitive form. In the second 
case new characters not previously displayed arise on particular shoots of a stock. 
Thus, for instance, single shoots of the Myrtle are sometimes found with leaves in 
alternating whorls of threes, instead of in pairs; hut these shoots again produce from 
the axils of their leaves the ordinary branches with decussate leaves. Knight (see 
Darwin, /. c. vol. I. p. 375) observed a Cherry (the May Duke) with one branch bear- 
ing fruit of a longer shape which always ripened later. The common ‘Moss-Rose' 
is considered by Darwin (/. r. p. 379) to have probably arisen by ‘bud-variation' 
from J\. ccntifolia ; the white and striped Moss-Roses made their appearance in 1788 
from a bud of the common red Moss-Rose ; Rivers states that the seeds of the simple 
red Moss-Rose almost always again produce Moss-Roses 1 . 

Those changes which are produced in a plant by the nature of its food and 
other external conditions must not be confounded with variation. Specimens of the 
same plant often differ conspicuously in the size and number of their leaves, shoots, 
flowers, and fruits, according as their supply of food has been abundant or deficient; 
deep shade frequently occasions the most striking changes in the habit of plants that 
usually grow in sunshine ; but these changes are not hereditary ; the descendants of 
such individuals revert, under normal conditions of light and nutrition, to the original 
characters of the species. 

Those characters, on the contrary, which may become hereditary or form the 
groundwork of varieties, arise independently of the direct influence of sojl, locality, 
climate, or other external influences; they appear seemingly without any cause. We 
must therefore assume either that external impulses which are altogether imper- 
ceptible first cause an imperceptible deviation in the process of development, which 
is always extremely complicated, and that this variation gradually increases until it 
becomes perceptible, or that the processes in the interior of the plant itself react 
upon one another in such a manner as to cause sooner or later an external 
change. 

The fact that wild plants, when cultivated, usually begin to produce hereditary 
varieties, shows that the change in the external conditions of life disturbs to a 
certain extent the ordinary process of development ; but it does not show that par- 
ticular external influences produce particular hereditary varieties corresponding to 
them; for under the same conditions of cultivation the most different varieties arise 
simultaneously or successively from the same parent-form. The same is the case 
also in nature with wild plants ; in the same locality under precisely the same vital 
conditions a number of varieties are often found by the side of their parent-form, and 
the same variety is often found in the most diverse localities It is for this very 
reason— because varieties are to so great an extent independent of external influences 
— that they are hereditary. A change produced in a plant by moisture, shade, or any 
similar cause, is not hereditary, because its descendants, when placed under other 
vital conditions, acquire again other non -permanent characters. That hereditary 
characters, or those which may become so, are not produced by external influences, 

1 [Sec also M. J. Masters, On a pink sport of the (Jloire tie Dijon Rose, Journ. Roy. Hort. Soc. 
new series, vol. IV. p. 1*3. — Braun, Abhand. d. Bert. Akad. 1S59, p 2 19. 

7 further details on this important subject arc given by Nageli in the Sitzungsberichle der kon. 
ba^u. Akad. der Wiss. Dec. 15, 1N65. 
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is proved most conclusively by the fact that seeds from the same fruit produce 
different varieties, either exclusively or together with the hereditary parent-form. 

Although the production of varieties and the form they assume are not the 
direct results of external influences, yet the continuance of the existence of a variety 
may be determined by these influences. When a variety is produced, the question 
arises whether it will thrive best in damp or in dry ground, in sunny or shady places, 
and so forth ; whether it can reproduce itself under these circumstances, or whether 
it will die out. The conclusion follows that hereditary varieties arise independently 
of direct external influences, but that the continuance of their existence depends on 
external causes. A variety which occurs only in a particular locality is not produced 
by the condition* of this particular locality ; but it alone furnishes the peculiar con- 
ditions of life which this particular variety requires, while other varieties which have 
arisen at the same place disappear. 

It has already been shown in Sect. 34 that hybrids show in general a tendency 
to the production of varieties. Two different sets of hereditary characters are com- 
bined in a hybrid, and there is hence a strong tendency towards the formation of new 
characters which may be more or less hereditary. Hybridisation is therefore one of 
the most important means at the command of the horticulturist for disturbing the 
constancy of inherited characters and producing a number of varieties from two dis- 
tinct ancestral forms 1 . But even the ordinary sexual union of two individuals of a 
species, as in dioecious, dichogamous, or dimorphic plants, may be considered as a 
kind of hybridisation ; in these cases also the individuals which unite must cer- 
tainly be different, since otherwise their cross-fertilisation would be no more pro- 
ductive than self-fertilisation. In these cases therefore two sets of characters which 
differ, though it may be but slightly, also unite in the descendants; and if a hybrid 
from two different species exhibits a strong tendency to variation, the cross-fertil- 
isation of two different individuals of one and the same species may at least give 
rise to a slight tendency in the same direction. It is therefore probable that in the 
cross-fertilisation of different individuals- -towards which there is always a tendency 
in nature even in hermaphrodite flowers —we have a perpetual cause of variation in 
plants. But this is by no means the only cause of variation, as is shown by the 
existence of bud-variation, and by the reflection that the difference between indi- 
viduals which produce a variable progeny is itself due to slight variation. 

A great number of facts point to the conclusion that almost every plant has a tendency 
to vary continually and in different directions, while every new character which is not 
produced directly by external agencies tends at the same time to become hereditary. 
If notwithstanding this many wild plants and some cultivated ones are very constant and 
produce no varieties which can*bc distinguished externally, this is mainly the result of the 
fact that the newly produced varieties are unable to exist in the conditions by which they 
are surrounded, or at least soon disappear, a point to which I shall recur more in detail. 
The hereditary transmissibility of acquired characters exhibits itself in a most peculiar 
way when it docs not affect the whole of the parent-plant, but only a particular branch. 
A still more remarkable case was observed by Bridgman. He noticed that the spores 
from the lower inn£r part of the lamina of the leaves of the varieties Scolopetidrium 

1 See also Naudin, Compt. rend. 1864, vol. L 1 X. p.837. [Journ. Roy. llort. Soe. new series, 
vol. 1 . p. 1.] 
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•vulgar? lareratum and S. •vulgar? Cristsi m galli f which was of the normal form, uniformly 
produced plants of the normal parent-form, while those produced on the outer abnormal 
part of the leaf reproduced the special varieties 1 . 

Sect. 36. — Accumulation of new characters in the reproduction of 
varieties. The difference between a variety and its parent-form, or between the 
varieties of a common parent-form, is usually at first small and affects only a few 
characters. But the descendants of the variety may again vary, the new characters 
may thus become intensified, and other new characters of a different kind may be 
added to them. The amount of difference between parent-form and variety and 
between the various varieties of the same parent-form thus becomes greater ; and if 
the tendency of the characters to become hereditary increases with the increase of 
their difference, the variety comes at length to differ so greatly from the parent-form 
that their genetic connection can only be proved historically or by the existence of 
transitional forms. This is the case with many of onr cultivated plants, as c. g. the 
Tear, which varies much even in the wild state, but under cultivation has altered its 
mode of growth, form of leaf, flower, and especially its fruit, to such an extent that 
it would Be impossible to suppose the finest sorts of Pears to be descendants of the 
wild Pyrus communis , if Decaisne had not proved their genetic connection by the 
study of the transitional forms (Darwin, /. < . vol. I. p. 350). In the same manner it 
scarcely admits of a doubt that all the cultivated kinds of Gooseberry are descended 
from the wild Ribcs G rossularia of Central and Northern Europe ; and Darwin 
brings forward historical evidence to show that the size of the fruit has been con- 
tinually increased by cultivation since 1786, so that in i8f,2 it had attained the 
weight of 895 grs. Darwin found that a small apple f>J inches in circumference 
weighed as much (/. c. p. 356). The different varieties of Cabbage arc all descended 
from one parent-species, or, according to Alph. de Candolle, from two or three 
closely related ones still growing in the neighbourhood of the Mediterranean. In 
this case hybridisation has also cooperated ; the varieties are for the most part 
hereditary but without any great constancy. The extent of the variation which has 
taken place under cultivation is shown by the existence on the one hand of shrubby 
forms with branching woody stems, 10 to 12 or even 16 feet high, on the other 
hand of the round Cabbage with a short stem and a spherical, pointed, or broad 
head consisting of leaves closely packed one over another; and again of the Savoy 
with its curled blistered leaves, the Kohl-Rabi with its stem swollen below, the Cauli- 
flower with its crowded monstrous flowers, &c. 2 

In the case of many cultivated plants the original wild form is unknown. It is 
possible that in a few cases it may have disappeared ; but it is more probable 
that the varieties which have arisen under cultivation have gradually acquired such a 
number of new characters that their resemblance to the wild {Kircnt-form can no 
longer be traced. 'This is probably the case with the cultivated Cucurbilacea?, 
Gourds, Bottle-Gourds, Melons, Water-Melons, &c., the hundreds of varieties of which 


1 Ann. and Mag. Nat. Hist, third scries, vol. VIII, 1861, p.490; Darwin, l. c. vol. II. p. 379. 
Also Nagel i, Sitznngsbcrichtc d. k. bayer. Akad. d. Wiss. iSfift, p. 274. 

2 See Metzger, Landwirthbcliaflliche rilan/enkunde, Frankfurt a. M. 1851, p. 1000; and 
Punwn, /. c. vol J, p.323 
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have been traced back by Naudin to three primitive forms, Cucurbita Pepo , maxima , 
and moschata ) neither of which however is known in the wild state. These original 
forms have been as it were evolved from the resemblances and differences of the 
numberless varieties, and have only an ideal existence ; it is doubtful whether either 
of them ever actually existed, or whether these ideal parent-forms do not merely 
correspond to three principal varieties which arose from a single primitive form 
which possibly still exists, or from the hybridisation of several. The characters of 
many of these varieties are perfectly hereditary, and all the organs show the greatest 
deg-ee of variation ; how great and various these differences are is seen from the 
fact that Naudin has divided the group of forms which he includes under the name 
Cucurbita Pepo into seven sections, each of which again includes a number of 
subordinate varieties 1 . The fruit of one variety exceeds that of another variety 
more than two thousand fold in size ; the original form of the fruit is probably 
ovoid, but in some varieties it is elongated into a cylinder, in others abbreviated into 
a flat plate ; the colour of the rind varies almost infinitely in the different varieties ; 
in some it is hard, in others soft ; some have a sweet, others a bitter fiesh ; the 
seeds vary in length from 5 or 7 to 25 mm. ; in some the tendrils are of enormous 
size, in others they arc altogether wanting ; in one variety they are transformed into 
branches which bear leaves, flowers, and fruits. Even characters which are normally 
constant throughout entire natural orders become extremely variable in the Gourds ; 
thus Naudin (Compt. rend. 1867, vol. LXIV. p. 929) describes a Chinese variety of 
Cucurbita maxima which has a perfectly free or superior ovary, whereas it is inferior 
elsewhere in the Cucurbitaceai and in the nearly allied orders' 2 . The varieties of 
Melon (Cmutnis Mclo) Naudin divides into ten sections, which differ also not only 
in their fruit, but also in their leaves and their entire habit or mode of growth. 
Some Melons arc no larger than small plums, others weigh as much as 66 lbs. ; 
one variety has a scarlet fruit; another is only 1 inch in diameter but 3 feet long, 
and is coiled in a serpentine manner in all directions, the other organs being 
also greatly elongated. The fruits of one variety can scarcely be distinguished 
externally or internally from Cucumbers; one Algerian variety suddenly splits up 
into sections when ripe (Darwin, he. vol. I. p. 357). 

The behaviour of the genus Zea is similar to that of Cucurbita, The cultivated 
varieties of Maize are probably descended from a single primitive wild form which 
has been cultivated in America for a very long period ; but it seems doubtful whether 
the native Brazilian species, the only one known in the wild state, with long glumes 
enveloping the grains, is the primitive form ; if it is not, then no plant is now known 
which can be considered as the ancestral form of our numerous and extremely diverse 
varieties of Maize. In this case also continued cultivation has increased the amount 
of difference between the different varieties, as well as to a prodigious extent that 
between them and the primitive form ; and the separate* varieties are distinguished 
from one another by a number of different characters. Some are only feet high, 
others as much as 15 to 18 feet; the grains stand on the rachis in rows varying from 

1 Sec Metzger, Laudwirthschaftliehe Pflanzenkundc, p. 692, and Darwin, /. c. vol. I. p. 358. 

2 Hooker states that a specimen of Begonia fri^ida rtf Kew produced, in addition to male and 
female llowcrs with inferior ovary, also hermaphrodite flowers with superior ovary. This variation 
was the product of seeds from a normal (lower. (Darwin, l. c. p. 365.) 
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six to twenty in number ; they may be white, yellow, red, orange, violet, streaked 
with black, blue, or copper-red; their weight varies sevenfold; their form also varies 
extremely; there are varieties with three kinds of fruit of different form and colour 
on one rachis ; and a great number of other differences also occur C These 
instances may suffice to show to what an extent the amount of deviation of the 
varieties of a primitive form may increase under cultivation 1 2 3 . 

It is much more difficult, and to a great extent impossible, to prove directly to 
what extent the variation of wild forms can increase without cultivation, because 
historical evidence is in this case generally impossible, or can only be obtained indi- 
rectly or conjecturally. But since the laws of variation are unquestionably the same 
in the case of wild as of cultivated plants — although they operate in the two cases 
under different conditions — we may for the present at least assume as probable that 
plants vary as greatly in the wild as in the cultivated state. We shall however in the 
sequel have to examine a number of weighty considerations which lead to the con- 
clusion that variation has produced infinitely greater effects in originating the various 
wild forms of plants than those which we perceive in cultivated varieties :t . 

They variation of cultivated plants shows that there is only one cause for the 
internal and for the external hereditary resemblance between different, plants, and 
that this cause is the common origin of similar forms from one and the same 
ancestral form. When we meet with corresponding phenomena in wild forms, and 
when we find that with them dissimilar forms are connected by a series of inter- 
mediate forms, just as we find to be the case between the primitive forms of culti- 
vated plants and their most abnormal varieties, we are forced to the conclusion that 
in wild plants also a similar affinity is the only cause of resemblance. The extra- 
ordinarily numerous forms, for example, of the widely distributed genus Hie rat turn 
present phenomena similar in many respects to those of cultivated Gourds, Cab- 
bages, See. In addition to a number of forms which are considered to be species, 
there are a still greater number of intermediate forms, some of which only are 
hybrids, the greater part perfectly fertile varieties. Nageli \ who has made this genus 
the subject of close study, says: — ‘If an attempt is made to unite into a single 
species all the types which are connected by perfectly fertile transitional forms, we 
should find only three species of native Ilieracia, which have been erected by some 
authors into distinct genera Pi/ose/la (Pilosclloidea*), Hieracium ( Architracium ), 
and Chlororrefis (//. sta/ict folium). Between these three groups we have, at least 
in Europe, no transitional forms ; hybrids between rilosclloidca) and Archieraciutn 


1 See Darw in. L c. vol. I. p. 365, and Metzger, I. c. p. 207. No great value with reference to 
variation and the constancy of varieties must be set on the result of experiments on cultivated plants, 
since the possibility of hybridisation w as not excluded. Some varieties of Maize appear to hybridise 
with difficulty. 

u Further material will be found collected in Darwin’s and Metzger's works already quoted, and 
in De Candolle, Geographic botanique. Paris 1855. 

3 [H. Hoffmann gives in the Hot. Zeit. for April 27 and May 1, 1*74, an account of an inter- 
esting series of experiments on the extent to which the characters which distinguish the allied 
species I* a paver R keens and dubium^nd Phasenlus vulgaris and multiflarus can be made to vary by 
cultivation, and on the tendency of the cultivated varieties to revert to the parent-form. Sec also 
his * Kiiekblick auf meine Variations-Vcrsuche von 1855-1880,’ Bol. Zeitg, 1881.] 

’ Sit/ungsberichte der hbn. bayer. Akad. der Wiss. Mnreh 10, 1866. 
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have been erroneously stated to occur, but the alleged hybrids are either true Pilo- 
selloidese or true Archieracia. . . . According to the present state of our knowledge, 
no other hypothesis is possible but that all the various species of Hieracium have 
sprung from the transmutation (descent with variation) of forms which have either 
disappeared or are still in existence; and a large number of the intermediate forms 
■still occur which must have had their share in producing several new species by the 
splitting up of one original species, or which would have occurred in the transform- 
ation of a still living species into one derived from it. In the case of Hieracium the 
species have not become so completely separated by the suppression of the inter- 
mediate forms as is the case in most other genera.’ 

By the term Species is meant the aggregate of all the individual plants which have the 
same constant characters, these characters being different from those of other somewhat 
similar forms. It is clear from what has already been said that the only distinction 
between varieties of a known primitive form which have become constant, and the wild 
species comprised within a genus, is that in one case their descent is known, in the other 
it is not. T he various cultivated varieties of a primitive form which have become con- 
stant arc linked together by intermediate forms in which the progressive accumulation 
of new varietal characters may be perceived ; but these intermediate forms may dis- 
appear, and then there is a more or less wide chasm between the various varieties them- 
selves, as well as between them and the primitive form. Both of these cases occur also 
in wild plants. In some genera, like Hieracium , species the extreme forms of which 
differ greatly arc connected togetlmr by a number of intermediate forms which occur 
along with them. The analogy of cultivated plants justifies us in considering these 
intermediate forms (so far as they are not hybrids) as varieties in a progressive state 
of development, some particular descendants of which have advanced furthest in the 
accumulation of new properties. But usually the intermediate forms, the connecting 
links so to speak between the ancestral and the derived forms, have disappeared; and 
the species of the same genus are then completely separated from one another, and their 
characters are at once distinguishable. The different species of the same genus agree 
among one another in a number of inherited characters, and are distinguished by 
only a lew constant characters; the amount of resemblance is much greater than the 
amount of difference. The same relationship therefore exists, but in a greater degree, 
between the various species of one genus as between different varieties of the same 
primitive form. Since no other explanation is known of this relationship than common 
descent with variation and the heredity of the new characters, w'e are entitled to 
consider the species of a genus as varieties of a common ancestral form which have 
developed further and become constant,— the original form having possibly actually 
disappeared or being no longer recognisable as such. There is therefore no natural 
boundary-line between variety and species ; they differ only in the amount of divergence 
of the characters and in the degree of their constancy. Just as a number of varieties are 
included in the idea of a species — the varietal characters being neglected in the diagnosis 
of the species — so several species are united into a genus by including in the diagnosis of 
the genus a maximum of their common characters. But since it is impossible either to 
determine by measure or by weight the most important characters of a plant, it is 
difficult and to a certain extent impossible to define, /. e, determine by convention 
what amount of differentiation is necessary in order to classify two different but similar 
forms as species rather than varieties. In the same manner it is left to a great degree to 
personal judgment to decide whether two different but similar groups of forms should 
be regarded as two species each including several varieties, or as two distinct genera 
each including several species. The only object actually presented to the eye is the 
individual (and even this not always as a whole) ; the ideas Variety, Species, Genus are 
abstract ideas, and indicate a progressive scale of the differences between individuals 
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which is small in the variety, larger in the species, and still larger in the genus. But in 
all three cases the points of difference are accompanied by a much greater amount of 
resemblance j and since in the phenomena ol variation we learn that from forms which 
are similar others arc derived which are constantly becoming more different by the 
continual accumulation of differences, we assume that the higher degree of variation 
of similar forms which we express by the terms Species and Genus has resulted from 
the accumulation of new characters in the variation from one ancestral form. 

Sect. 37. — Causes of the progressive development of varieties. The 

characters of the cultivated varieties of one parent-form show, as Darwin was the 
first to point out, a constant striking and remarkable relation to the purpose for 
which the plant was cultivated by man. The varieties of Wheat differ from one 
another only slightly in the form of the haulm or leaves, which are of but small im- 
portance to mankind ; but they show a great variety and extent of difference in the 
form and size of the grains, and the quantity of starch and proteid contained in 
them. i. c. in the characters of that part of the plant for the sake of which Wheat is 
cultivated, and in those properties of this part which under various circumstances are 
especially useful to mankind. The varieties of the Cabbage, on the other hand, scarcely 
differ aL all in their seeds or even in their seed-vessels or flowers, the external pro- 
perties of which are useless to man, and the internal properties only of value because 
the seed lias to reproduce the variety; the varieties of Cabbage differ exclusively in 
the development of those parts which arc used as vegetables, and to which therefore 
cultivation is directed. The object of cultivation is therefore, retaining the taste and 
value as food for man, sometimes to increase the succulence of the tissues, sometimes 
to attain as large a size as possible, sometimes to alter the time of the year at which 
the vegetable can be used. These and a number of other properties are furnished 
by the different varieties. The varieties of l!ect differ only slightly in their flowers, 
more in their leaves, according as they arc grown in the garden as ornamental 
foliage-plants or as agricultural crops ; the varieties in the latter case differ from one 
another in the size and shape of the roots and the amount of sugar they contain, 
properties which make the plant valuable on the one hand as food for cattle, on the 
other hand for the manufacture of sugar. Fruit-trees of the same kind differ but 
little in general in their roots, leaves, flowers, or stems, but to an extraordinary 
extent in the size, shape, colour, smell, taste, period of maturity, and keeping-pro- 
perties of the fruit, according to the special purpose or prevalent mode in which it 
is employed. In garden-flowers it is generally the flowers and especially the corolla 
and inflorescence that differ in the varieties of a species, because the greater number 
are cultivated only for the shape, size, colour, or odour of the flowers. 

This relation of cultivated varieties to the requirements of man is explained if 
we suppose that only those varieties were cultivated, at first undesignedly afterwards 
designedly, in which some character useful to man was more strongly manifested 
than in the others ; those individuals were selected which best answered to a definite 
requirement; they alone were further cultivated; the particular character was again 
strongly displayed in some of their descendants, and only these individuals were 
again selected for reproduction ; and the desired character was thus continually in- 
creased in stnngth. Other characters of the plant also varied at the same time, but 
they were disregarded, and the individuals in which they occurred were not preserved 
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for reproduction, and no increase of these characters consequently took place from 
generation to generation. 

The greatest service which Darwin has rendered to science is to have shown 
that wild plants are also subject to conditions of life the effect of which consists in 
this, that only some of the varieties of one primitive form maintain themselves and 
increase their peculiarities, while others perish. The relationship of the varying wild 
plant to its environment in the broadest sense of the word is however different from 
that of the cultivated plant to man ; man protects his charges in order to preserve 
them ; he places them under favourable conditions in order that those properties 
which are useful to him may become freely developed. Wild plants, on the contrary, 
have to protect dicmsclves against dll injury from without ; their existence is con- 
tinually threatened by other plants or animals or by the hostility of the elements ; 
and in this Struggle for Existence , as Darwin has appropriately termed it, only those 
individuals are able to maintain themselves which are best able to resist the prejudicial 
influences to which they are exposed ; and only those varieties which happen to be 
the best endowed in these respects will reproduce themselves and further devclope 
their special properties. Hence the characters of wild plants, as far as they are not 
of a purely morphological nature, always show a perfectly definite relationship to the 
conditions in which they arc placed ; the form and other characters of the organs 
have essentially for their object to secure the existence of the plant under the local 
conditions of its habitat ; varieties and species which are not endowed with qualities 
to endure the struggle for existence perish. The struggle for existence acts there- 
fore in a certain sense similarly to the selection of the breeder ; as the breeder de- 
veloped only that which is suited to his own purposes, so in the struggle for existence 
only those varieties survive and reproduce their kind which are better adapted, 
through some property which they possess, to endure the struggle. Thus, finally, 
through imperceptible variation, through the destruction of those characters which 
are not beneficial, and through the further development of the useful ones — in one 
word, through what may be termed metaphorically Natural Selection by means of 
the struggle for existence, — forms are produced which are as well or even better 
adapted for the purpose of self-preservation than cultivated plants are for the pur- 
poses of man. By the undesigned reciprocal influences of plants and of their living 
and physical environments, specialities of organisation finally arise which could 
scarcely be better adapted for the preservation of the plant under its special local 
conditions, and which give the impression of being the result of the greatest 
ingenuity and foresight. 

On the other hand, certain specialities of organisation which are essential in the 
struggle for existence may disappear in consequence of continued cultivation. 
Hildebrand points out 1 that Peas, Beans, Lentils, Cereals, Buckwheat, all devclope 
under cultivation large heavy seeds which cannot be self*sown, so that these plants 
when left to themselves do not become wild, but disappear in consequence of having 
lost the specialities of organisation which effect the dispersion of their seeds and 
which protect them from animals. The same is the case with cultivated plants the 
fruits of which have been modified for the use of man, and have become useless in 


Hildebrand, Die Verbreitungsmittcl tier Pflanzen, Leipzig 1873. 
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the struggle for existence in the wild condition ; such are cucurbitaceous plants, 
fruit-trees, &c. Cultivation may so far affect edible fruits that they cease to develope 
seeds, as in the better kinds of Pears, in Grapes, Figs, Oranges, Dates, Bread-fruit, 
and Bananas ; thus the first and most important element in maintaining the struggle 
for existence, namely, reproduction by means of seeds, is destroyed. 

In order to understand clearly liow the struggle for existence has caused the 
existing wild forms of plants to be so admirably adapted to their specific conditions 
of life, it must be borne in mind that all plants are continually varying to a very 
slight extent, and that the variation affects all their organs and all their characters, 
although usually to an imperceptible amount. On the other hand, the struggle for 
existence in plants (as well as in animals) is a perpetual and never-ceasing one, in 
which the smallest advantage that the plant has obtained through variation in any 
one direction may be of the utmost importance for its perpetuation. 

The struggle which the plant carries on by means of its capacity for variation 
has two different aspects. On the one hand its tendency is to adapt its organisation 
completely to the conditions of food and growth afforded by the climate and the 
soil. It iv evident that the organisation of a submerged water-plant must be different 
from that of a land-plant ; that the assimilating organs of a plant that grows in the 
deep shade of a wood must be differently constructed from those of a plant exposed 
daily to bright sunshine, and so forth. The conditions of life of all plants growing at 
a great elevation and in Arctic countries must be different from those growing in 
the lowlands of the Tropic and Temperate zones. If we had to do only with these 
general conditions of plant-life, the struggle for existence would be a comparatively 
simple process. It would be easy to imagine how, among the varieties of a primitive 
form which grew in water, there would be some which would be occasionally sub- 
jected to a subsidence of the water, and how these would give birth to descendants 
which would gradually assume the character of marsh- and finally of land-plants, 
as is well illustrated in the case of Nasturtium amphibium , Polygonum amphibium , 
&C . 1 It may also be supposed that some of the descendants of a plant exhibit a 
somewhat greater power of resisting frost, that this property increases in the course 
of generations, and that thus a form which can at first only bear a temperate climate 
gradually produces varieties which can endure a more and more severe climate ; and 
so forth. Even these comparatively simple conditions would necessarily lead to a 
great diversity in the varieties descended from one ancestral form ; for cacli 
adaptation to new conditions of climate or locality would act in different ways ; 
i.e. varieties of different descriptions would take up and carry out in different 
ways the struggle against the influences of the elements. 

But the struggle for existence and the changes occasioned by it in the organ- 
isation of plants are greatly complicated by the fact that every plant, while struggling 
to adapt itself to its special conditions of life, has also to protect itself at the same time 
against a number of other plants and against the attacks of animals ; or, what is more 
to the point, its capacity for variation enables it to make use of particular favourable 
conditions which are offered to it by other plants and animals in order to take ad- 

1 A special interest attaches in this connection to Hildebrand’s observation on Marsilia in Pot. 
Zeit. 1870, No. I, and Askenasy’s on Ranunculus aquatilis and divuricatus in Hot. Zeit. 1870, p. 193 
et seq . 
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vantage of them ; as parasites of their hosts, dichogamous and other flowering plants 
of the visits of insects, &c. These relationships are endless in their diversity, and 
can only be illustrated by examples. 

We must here call special attention to a remark of Darwin's ; that the indi- 
viduals of the same species or variety are competitors for position, food, light, &c. 
The fact that plants of the same species have the same requirements itself gives rise 
to a struggle for existence among them ; and the same is the case, though to a some- 
what smaller but still to a great extent between the different varieties of the same 
primitive form, to a less extent between different species and genera. The result of 
these relationships is seen on the one hand in the fact that, in the case of plants which 
live socially, only the most vigorous seedlings arrive at full maturity, while the weaker 
ones are smothered, as may be seen in any young plantation ; on the other hand, that 
species and genera which differ greatly from one another can thrive side by side, 
because their requirements are different and the competition between them is less. 

From the fact that plants whose organisation differs can thrive better side by 
side on the same soil in consequence of the diminished competition between them, 
Darwin drew the important and pregnant conclusion that in the propagation of the 
varieties of one primitive form those new forms must be the best able to maintain 
themselves in the wild state which differ most from the primitive form and from one 
another, whereas the intermediate forms must be gradually dispossessed. This is the 
reason why the connecting forms between the different species of a genus are so 
often wanting, although the conclusion cannot be avoided that the species arose 
by variation from a single ancestral form, and by the propagation of varieties. 

In its broader features (and on that account more conspicuously) the struggle for 
existence between the various forms of plants, the competition for space, food, and light, 
is manifested in the iuxuriant growtli of what we term weeds in our gardens and fields. 
Our cultivated plants are able to bear our climate, and the soil supplies what they 
recpiire for their vigorous growth. But a number of wild plants are still better adapted 
to the climate ; and they grow still more vigorously, rapidly, and luxuriantly on cultivated 
soil, and their seeds or rhizomes arc everywhere present in enormous quantities. If 
the cultivated plants are not carefully protected from the weeds, the latter soon dis- 
possess them of the ground which was set apart for them. Every country and every soil 
has its own peculiar weeds; i.e . under any particular external conditions there are always 
certain forms of plants which thrive best and drive out the cultivated plants. To a 
certain extent we have a measure of the amount of advantage which weeds have over 
cultivated plants in the amount of labour bestowed by man on their destruction in 
order to preserve and maintain his nurselings. The primitive forms of our cultivated 
plants are mostly natives of other countries, where they are not only sufficiently adapted 
for the climate, but are able to sustain competition with their neighbours. 

The number of species or of individuals of any species which we find in a meadow, 
a marsh, &c. is not a matter of chance ; it does not depend merely on the number of seeds 
of one or another species produced or brought to the locality ; every one of these species 
would, if it alone existed there or were protected by cultivation, of itself cover the space of 
ground in a short time ; but there is a definite relationship between the numbers of indi- 
viduals of the different species when left to themselves, a relationship which depends on the 
specific power of each particular species to maintain itself in the struggle with the rest 1 . 

1 [ITow the relationship subsisting between the species in permanent pastures may he disturbed 
by the application of different manures, may be seen in Lawes and Gilbert’s paper on this subject 
in Journ. Roy. Agric. 80c. vol. XXIV, 1863.] 
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How complicated may be this relationship in the cases of only two nearly related 
forms of plants in their struggle for existence in particular localities has been described 
as exhaustively as clearly by Nageli in the case of various Alpine plants. ‘The interne- 
cine war,* he says \ i is obviously most severe between the species and races that are 
most nearly related, because they require the same conditions of existence. Achillea 
moschata drives out A . at rata, or is driven out by it ; they are seldom found side by side; 
while each grows along with A. Millefolium. It is clear that Achillea moschata and atrata , 
being extremely similar to one another externally, make similar demands on their en- 
vironment, while A. Millefolium , which is less nearly allied to both, does not properly 
compete with them, because it requires other conditions of existence. Still less do 

plants of different genera or orders compete with one another In the Bernina- 

Heuthal (Upper Engadin) Achillea moschata , atrata , and Millefolium occur in profusion, 
A. moschata and Millefolium on slate, A. atrata and Millefolium on limestone ; where 
the slate ends and limestone begins, A . moschata always ceases and A . atrata takes its 
place. Both species are therefore here strictly circumscribed as to soil, and this 1 
have found to be the case also at various spots in Bundten, where both species occur 
together. But where one species is absent the other is widely distributed. A . atrata is 
then found indiscriminately on slate or limestone : and although A . moschata does not 
apparently grow so readily on limestone as A. atrata does on slate, yet in the neighbour- 
hood of *?hc primary rocks it is found on a distinctly calcareous formation along with the 
vegetation characteristic of it. In the Bernina-lfeuthal I found in the midst of the slate 
which was thickly covered with A. moschata a large erratic block of limestone covered 
with a crust of soil scarcely an inch thick, upon which a patch of A . moschata had 
established itself, because it did not here meet with any competition from A . atrata. . . . 
A similar relationship was observed in certain districts between Rhododendron hirsutum 
and ferrugineum , Saussurea alpina and discolor , and between species of the genera Genii- 
ana , Veronica , Erigeron , Hieracium , &e.’ The obvious objection, that there cannot 
possibly be any struggle between two forms of plants as long as there is space for 
both in the area in question, rests on an incorrect basis, and is disposed of by Nageli 
as follows : — ‘ Upon a slate slope arc a million plants of A. moschata ; they obviously do 
not occupy the whole space, for a hundred millions or more could find room there ; but 
the rest of the space is occupied by other plants. There is here a condition of equi- 
librium, which has been produced in reference to the nature of the soil and the preceding 
climatic influences. The number one million gives us also the proportion which A. 
moschata is able to maintain in relation to the rest of the vegetation ; and the objection 
that there would still be plenty of room for A. atrata is an untenable one. If the space 
were accessible to species of Achillea generally, it would be occupied by the species which 
is already present, and which in any case has the advantage, A. moschata . If we now 
imagine that the two species happened for once to be intermixed on the slate slope, 
perhaps in consequence of artificial transplanting, in equal quantities, say 500,000 plants 
of each, A . moschata would thrive the better of the two, as the soil contains but little 
lime; A. atrata would become weaker and its tissue less matured, and would in conse- 
quence have less power to withstand external prejudicial influences, as summer frosts, 
long-continued rainy weather, or persistent drought, &c. If we suppose, for example, 
that every twentieth or fiftieth year a severe frost occurs at the time of flowering 
which destroys half the plants of A . atrata , while the more vigorous A. moschata re- 
sists it, the voids are again filled up by the dispersion of the seeds ; but more plants of 
A . moschata spring up than of A. atrata , because the number of individuals of the latter 
was reduced by the frost to 250,000, while that of the former remains at 500,000. The 
million plants of Achillea on the slope will in consequence be composed of say 670,000 

1 Sitzungsber. der kdn. bayer. Akad. der M iss. Dec. 15, 1865. The manner in which the arrange- 
ments for the protection of the pollen with reference to certain insects on the one hand, and to 
climatic influences on the other, determine the distribution of certain plants, is dearly indicated 
by Kerncr (Schutzmittel dcs Pollens, Innsbruck 1873). 
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A. moscbata and 330,000 A . atrata . After a second frost, which again destroys one half 
of the individuals of A. atrata , we should have about 800,000 of A . moscbata to 200,000 
of A . atrata. In this manner the number of the latter would decrease with every 
unusual summer frost, until at length it entirely disappeared, a nearly-allied hardier species 
becoming distributed over the locality in its place.’ In conclusion, the following remark 
by the same author may be added : — 1 F rom such a course of reasoning the conclusion 
might perhaps be drawn that this result would always take place, and that one of two 
plants would always be crowded out, because the two could hardly be precisely equally 
hardy. But this conclusion would be unsound, because it would hold good only for 
plants whose conditions of existence were as nearly as possible alike. We can imagine 
another case in which the two species suffer injury from altogether dissimilar external 
influences (one, e.g ., from spring frost, the other from dry heat), so that sometimes the 
number of individuals of one species, sometimes that of the other species diminishes, 
and where moreover the production and the germination of the seeds are affected by 
altogether dissimilar external influences, so that sometimes the one sometimes the 
other species increases more rapidly and occupies the vacant spots. The numerical 
proportion of the two species must in this case be variable, but neither is able to 
expel the other.' 

Just as the struggle between two species is the result of their thriving more or less 
vigorously on a soil of a particular chemical nature, so also the need for more or less 
water, light, heat, &c. can determine also the nature of the struggle for existence. 
Nageli gives some examples of the first case. When Primula officinalis and elatior occur 
together in a district, they are sometimes sharply separated from one another, P. offici- 
nalis preferring the dry, P. elatior the damp spots. Each is most vigorous in its own 
locality, and may expel the other. But when only one species occurs, it is not so 
particular ; P. officinalis will choose damper, P . elatior drier situations, than if they were 
in company. Prunella -vulgaris and grandiflora behave in the same manner in reference 
to poorer and more fertile soils ; as also do Rbinantbus Alectorolophus and minor , Hieracium 
Pilosella and hoppeanum. 

These examples may suffice to show what is meant by the Struggle for Existence. It 
must however be borne in mind that such a struggle must arise in reference to every 
vital phenomenon of a plant, and to each of its relationships to the external world, 
especially to the animal kingdom; and that its course must vary for the same plant 
in different localities. An understanding of the Theory of Descent, and especially 
an insight into the causes of the perfect adaptations of the organisation of the plant 
to its vital conditions which arc often extremely local, depend essentially on a clear 
comprehension of the struggle for existence. 

Sect. 38.— Belationship of the morphological nature of the organ to 
its adaptation to the conditions of plant-life. Every plant is very accurately 
adapted (though not absolutely so) to the conditions and circumstances under which 
it grows and is reproduced; its organs have the shape, size, mode of develop- 
ment, power of movement, chemical properties, &c. needful for this purpose. If 
this were not the case, the plant would inevitably perish in the struggle for existence. 
But the vital conditions are extremely various, and undergo, in the course of time, 
endless changes. The diversity in the characters of plants corresponds to this infinite 
variety in the conditions of life ; and yet even in the more highly differentiated classes 
there are only three or four morphologically distinct forms of structure, axis (cau- 
lomes), leaves (phyllomes), roots, and trichomes, which suffice for these conditions, 
while maintaining a constant morphological character through numberless variations 
in their physiological properties. This relationship has already been described in 
chap, iii of Book I as the metamorphosis of the morphological members of a plant, 
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understanding by metamorphosis the adaptation to various physiological purposes of 
morphologically equivalent members. The diversity in the physiological development 
is related to the conditions of life of the plant ; and to this extent Metamorphosis is 
synonymous with what we have here termed Adaptation , and which has also been 
described as Accommodation. When we speak of Purpose in the structure of a 
plant, we mean in fact nothing more than that the form and the other characters of 
the organ are adapted to the conditions of its life, which may be at once inferred from 
the very fact of the survival of the plant in the struggle for existence. The terms 
Purpose, Adaptation, and Metamorphosis express therefore the same thing, and may 
be used as synonymous, as we have already repeatedly done 1 . 

For the discussion of the questions to be treated of in the following paragraphs 
it is important to have as clear a conception as possible of the relationship of adapt- 
ation to the morphological nature of the organs, and of the great constancy of 
morphological characters and the infinite diversity of metamorphosis; for this re- 
lationship can be explained by no other theory than that of descent. 

In its most general features the relationship of adaptation to the morphological 
nature of qrgans is manifested in the fact that all the various morphological members 
perform the most different functions and in an infinite variety of ways; in other words, 
that the morphological nature of the parts of a plant is not directly determined by 
their function, nor is the function of an organ determined directly by its morpho- 
logical nature. Thus, for example, trichomes sometimes lake the form of a pro- 
tective envelope (mostly in buds), sometimes of glands, sometimes of absorptive 
organs (as root-hairs), sometimes of asexual organs of reproduction (as the sporangia 
of Ferns), &c. The leaves again are usually organs of assimilation containing chlo- 
rophyll; but they may also be employed as protective envelopes to winter-buds (in 
most of our native woody plants), as reservoirs for reserve food-materials (in the 
seedlings of flowering plants and in bulbs). In the majority of plants the leaves 
bear the sporangia: in flowering plants the flowers are composed of peculiarly 
metamorphosed leaves. In many slender-stemmed Angiosperms the leaves are 
transformed into tendrils, in order to raise up the slender stem and fix it to neigh- 
bouring supports ; the leaves of Nepenthes produce at their apex an appendage 
which forms a pitcher provided with a moveable lid and filled with the fluid 
which it itself secretes ; some of the leaves contained in flowers are developed into 
nectaries and then perform the function of glands ; not unfrequently they are trans- 
formed into hard woody spines ; in other cases they arc sensitive to irritation, 
contractile, and so forth. The parts of the axis are scarcely less varied in their 
development ; sometimes they cling round upright supports ; sometimes they are 
woody and able to retain themselves in an erect position ; sometimes they are slender 
swaying branches, or thick fleshy succulent masses (Cactus), or round tubers filled 

1 Many recent writers seem to be almost too anxious to avoid the use of the word ‘ purpose,* 
because it seems to suggest antiquated teleological views. The word 1 useful’ which they would 
substitute for ‘purposive* has also a teleological significance in human affairs. If every word 
which has once been used to express an incorrect theory is to be discarded, the resulting diminu- 
tion of the vocabulary would soon produce an evident impoverishment of the language. The 
mission of science is not to explain and alter words, but the ideas to which they correspond. Ought 
wc to give up the use of the word ‘ root ’ in Botany, because it formerly bore a very different 
meaning from that which is now attached to it ? 
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with food-materials {A runty Potato), or they become tendrils (the Vine), or spines 
( Gleditschia ); sometimes they assume the form of foliage-leaves {Ruscus, Xylo - 
phyllum , &c.). The adaptations of roots are less numerous ; usually filiform, slender, 
cylindrical, and provided with root-hairs for absorbing water and dissolved mineral 
substances, they become tuberous reservoirs for reserve food-materials in the Dahlia ; 
their tissue is loose and contains air and they resemble swimming bladders in 
Jussicua ; in the Ivy, Ficus repens, &c., they are simple organs of attachment for the 
stem ; ift Vanilla aromatica they play the part of tendrils ; but they never produce 
sporangia or sexual organs. 

According to the definition already given of Purpose in the vegetable organ- 
isation, its relationship to the morphological nature of Ihe organ can also be illus- 
trated by keeping in view the end to be served, i. e . the condition of the plant which 
is most favourable in the struggle for existence, and then observing the means em- 
ployed for attaining this end, t\ e. what members of the plant become adapted, and 
what metamorphosis they undergo. A few examples will explain this 1 . 

It is obviously useful for the greater number of flowering plants — in other 
words advantageous in the struggle for existence — that their stem should grow 
rapidly to a certain height, because the conditions of assimilation (light and warmth) 
are thus most perfectly fulfilled, and because — which is perhaps of greater importance 
—the flowers are more easily detected by insects on the wing, and the pollen trans- 
ferred by them from one flower to another. Even where (as in many Coniferx, &c.) 
the light pollen is carried by the wind to the female flowers, this is accomplished 
better when the flowers are at a considerable height from the ground ; and finally by 
this means the dissemination of the seeds by the wind or by frugivorous birds is pro- 
moted, or their scattering by the bursting of the fruits. That these arrangements for 
propagation are especially promoted by the upright growth of the stem is evident from 
the fact that in the large number of plants which develope their leaves in a rosette close 
to the ground or on a stem that creeps along it, a rapidly ascending flower-stem is 
formed only just before the unfolding of the flower-buds. Still more strikingly is 
this the case in parasites and saprophytes ( Orobanche , Neotiia , &c.), which vegetate 
below and blossom above ground. If we recognise these and other special purposes 
of upright growth, it is of interest to see in what various ways this one purpose is 
attained in different species of plants. In many shrubs the growing stem is endowed 
with sufficient firmness and elasticity to support in an upright position the weight of 
the leaves, flowers, and fruits ; if it happen to be broken down, or if it must raise 
itself from a previously creeping position, advantage is taken of the property of 
geotropism. But the slender haulms of Grasses are not themselves endowed with 
this power ; and in their case the basal portion of each leaf-sheath forms a thick ring 
the tissue of which retains for a long time its power of growth ; and when the haulm 
is bent by the wind, or is in its early stage prostrate on the ground, the elevation into 
an erect position is brought about by the surface of the node which faces the ground 

1 In these examples I am compelled to confine myself to the most important points. Most of 
the adaptations are so complicated that a detailed description of them in even a single plant would 
require a great deal of space. What was said in the fourth chapter of this Hook on climbing plants 
and in the sixth on the adaptation of the foliar organs of a flower to the purpose of cross- 
fertilisation may be consulted. 
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growing rapidly and strongly; a knee-shaped bend is thus formed by which the 
upper part of the haulm is raised up. If, on the contrary, the stem is perennial, and 
has to bear a great weight of branches, leaves, and fruits, contrivances of this kind 
are not sufficient, and then the tissue becomes woody ; if the weight of the crown 
increases year by year, the stem also becomes thicker each year, as in dicotyledonous 
trees and Conifers ; if the weight of the foliage does not increase, as in Palms, the 
stem only retains the same thickness. In such cases a considerable quantity of as- 
similated food-material is necessary in order to produce the massive solid stem, while 
in many other cases the elevation is attained at the expense of a very small amount 
of organic substance, as in climbing and twining plants, such as are found in the 
most widely separated families of Angiosperms. Plants with a twining stem like the 
Hop presuppose in general the existence and proximity of other plants which are able 
themselves to grow upright and round which they twine ; and in order that such a 
neighbouring support may be more easily and certainly taken hold of, the slender 
stem of climbing plants is endowed with a power of revolution by which the apex 
is carried round in a circle and is enabled to come into contact with the stem of an 
upright pl^nt, up which it then climbs. 

The greater number of plants provided with tendrils are also dependent on the 
proximity of erect plants round which they can climb ; they are characterised by an 
extreme parsimony in the employment of organic substances for the purpose of an 
erect growth. Sometimes (as in the Grape-Vine) the tendrils are axial structures 
furnished with minute leaves and branching from the axils of these ; but much 
more commonly (as in Clematis or Tropeeolum ) the petioles, or (as in Fumaria) the 
branched narrowly- divided lamina, or most often the metamorphosed apical parts of 
the foliage-leaves ( Cobcca scandens , the Pea and other Papilionacca?) are developed in 
a filiform manner and perform the function of tendrils. The morphological signi- 
ficance of the tendrils of Cucurbitaceai is not yet perfectly determined ; but they 
are probably metamorphosed branches. Tendrils occur only in those plants whose 
stem is not able to bear in an erect position the weight of the foliage, flowers, and 
fruits ; in the genus Vida, for example, all the slender-stemmed species have leaf- 
tendrils ; but in the thick-stemmed erect V, Faba they are rudimentary. The office 
of tendrils is to twine round the slender branches and the leaves of other neigh- 
bouring plants, and thus to fix the apex of the stem as with cords on various sides 
while it is growing upwards. The adaptation of tendrils, i. e. their endowment with 
useful properties corresponding to their purpose, is, as Darwin has shown, not only 
extremely diverse, but exhibits also very different grades of perfection, like that of 
climbing stems. Some tendrils are only of slight use ; sometimes (as in some 
species of Bignonia) they arc merely helps to an imperfectly climbing stem ; but 
where they are perfectly adapted to their function, a variety of properties concur in 
a remarkable way to increase to a maximum this kind of adaptation to the use of the 
plant. The tendrils radiate in different directions from the growing apex of the 
shoot, which makes movements of revolving nutation by which the tendrils are 
brought into the greatest variety of positions, they themselves also revolving at the 
same time, so that within a certain area, often not a very small one, they assume an 
infinite number of positions, by which they must almost inevitably be brought into 
contact with some support, such as a branch or leaf, lying within this area. . The 
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supports are, so to speak, sought out in the most industrious manner ; when one is 
touched by a tendril, the tendril bends in consequence of the stimulation and 
twines firmly round it ; and when several tendrils do the same in different direc- 
tion from the stem, it hangs suspended between the points of support. If this 
were all, the attachment would be a very weak one, and the elevation of the stem 
would only take place slowly ; but the whole contrivance is perfected in the most 
ingenious way. When the tendrils have fixed themselves by their extremities, they 
draw the stem towards the support by twisting themselves spirally. When several 
tendrils do this in different directions, the stem which is suspended between them 
is tightly stretched, and the tenacity of the tendrils is at the same time con- 
siderably increased by the twisting. Many tendrils, while very tender at the time 
when they are sensitive, become afterwards hard and woody, and some become 
much thicker ; this is strikingly the case in Clematis glandulosa and Solanum jasmi- 
notdes. But the most perfect adaptation is shown in the tendrils of the Virginian 
Creeper, Bignonia capreolata , and some other plants : it is most perfect in Ampelopsis 
hederacea. As in the Grape-Vine, the tendrils are here branched axial structures, 
and are to a much greater extent negatively heliotropic ; their power of twining 
round slender supports is but slightly developed, but when, in consequence of their 
negative heliotropism, they come into contact with a wall, or in the wild state with a 
rock, trunk of a tree, &c., there is formed in the course of a few days on each branch 
of the tendril which touches the support with its curved and hooked apex, a cushion- 
like swelling which afterwards expands into a red flat disc, and becomes firmly 
attached by its surface to the support. The adhesion of this organ of attachment is 
probably at first occasioned by an exudation of viscid sap ; but the attachment to 
the support is caused mainly by this organ forcing itself into all the depressions in 
the surface of the support and growing over the slight elevations. After this has 
taken place the whole tendril becomes thicker ; it contracts spirally, the stem to 
which it belongs being thus drawn towards the wall, rock, &c. ; then it becomes 
woody, and the firmness of its tissue and the power of retention of the disc are so 
considerable that, according to Darwin 1 , a tendril ten years old and furnished with 
five of these discs can support a weight of 10 lbs. without giving way and without 
the disc becoming detached from the wall. Since a shoot which is growing upwards 
forms a number of tendrils, this attachment to the flat support is a very effectual one, 
and enables the plant to endure the annually increasing weight of the stem which is 
gradually becoming thicker and more woody; and in this way it climbs over the 
walls and roofs of buildings more than 100 feet high. The fact is very interesting 
that those tendrils of the Virginian Creeper which do not come into contact with the 
wall or rock die after some time, and wither up into slender threads which then fall 
off, no adhesive disc having been formed on them. But in order that these peculiar 
tendrils may more readily come into contact with the support, the upright shoot 
is scarcely at all positively heliotropic, since this property would cause it and its 
tendrils to move further away from the supports ; while the young shoots which ex- 
hibit very slight heliotropism become erect under the influence of gravitation ; other- 
wise the whole of the contrivances connected with the tendrils would be purposeless. 


[Movements and Habits of Climbing Plants, 1875.] 
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If looked at merely superficially, the mode in which the Virginian Creeper 
climbs up rocks, walls, and thick trees, presents a certain resemblance to the climb- 
ing of the Ivy ; but in fact the adaptations of the two are altogether different. It 
has already been shown how negative heliotropism causes the leafy branches of the 
Ivy to become closely pressed to the support, and how the summit of the branch at 
first exhibits slight positive heliotropism, so that the slight convexity is in contact 
with the support. At this point of pressure rows of aferial roots afterwards arise (not 
in consequence of pressure, for they make their appearance also on branches which 
hang free) which apply themselves to the inequalities of the bark of the tree or of 
the rock which serves as a support, and thus fix the Ivy-stem • to it. Other weak- 
stemmed plants attain the same object (that of elevating their assimilating and 
flowering shoots) by apparently much simpler means, as the Bramble, Rose, and 
some climbing Palms like Calamus , &c., whose long shoots spread over neighbour- 
ing plants and are supported by them, their hooked prickles and other similar con- 
trivances assisting in this. 

It is of service to many plants in the struggle for existence that they should 
keep firm possession of the piece of ground they have once occupied, without 
forming for this purpose large woody masses, like trees and shrubs. The under- 
ground parts of such plants are perennial, and they send up separate shoots in each 
vegetative period to be exposed to the light and air where they will be able to 
assimilate, to produce flowers, and to scatter their seeds. This persistence of the 
underground parts has the advantage that the plant, although it assimilates and 
grows only at particular times of the year, is not compelled to seek each year, like 
annual plants, a new locality in which its seeds may germinate. The collection of 
reserve food-materials underground gives strength to the plant ; it developes its buds 
beneath the soil to such an extent that at the right time they can grow up quickly 
at the expense of the rich supply of material. Every year very strong shoots are put 
forth, while in annual plants a number of feeble seedlings perish annually before 
some of them attain sufficient strength to protect themselves from the shade and 
humidity to which their neighbours subject them. Plants whose underground parts 
are perennial have in particular the power of resisting long and severe frost and the 
greatest variations of temperature, because these only penetrate slowly beneath the 
soil. It is for this reason that so large a number of Alpine and Arctic plants belong 
to this class. They are also able to grow in localities which are much too dry for 
the germination of the seeds of annual plants, because moisture is retained at a great 
depth for a longer period than near the surface. Numerous other advantages might 
also be mentioned which are compensated for in annual plants by other adaptations 1 . 

This permanence of the underground parts is attained in the greatest variety of 
ways. Sometimes the plant possesses slender creeping underground shoots in which 
the reserve food-materials are collected and which themselves rise above the surface 
at a particular time, as in many Grasses ; or sometimes the leafy stems are developed 
from lateral buds, as in Equiselum ; or there are thick stout stems from which shoots 


1 [This subject— and especially the relation of peculiar habits of life to the power of resisting 
great cold — is very fully discussed in Kemer’s treatise Die Abhangigkeit der Pflanzengestalt von 
Kiima und Iioden, Innsbruck 1869.] 
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appear each year at the same place. In some cases the whole plant is annually 
renewed; all the parts which existed the previous year die off, and a complete 
rejuvenescence of the individual is accomplished underground. In the Potato and 
Artichoke only the apical parts of the underground lateral shoots swollen into tubers 
remain over till the next year, the whole of the rest of the plant having perished. In 
many of our native Orchids the rejuvenescence takes place in a similar way (see 
p. 219 and fig. 1 58); and one of the most interesting cases of annual rejuvenes- 
cence occurs in Colchicum autumnale (see fig. 422). In these cases, with the excep- 
tion of the Orchids, the reserve food materials accumulate in underground parts of 
the axis; in other cases this takes place in the swollen roots, which remain in 
connection with the underground part of the stem that bears the new buds, as in the 
Hop, Dahlia, and Bryony. In bulbs again the reserve accumulates in the leaves 
(bulb-scales) which surround the bud that developes into the new plant. The re- 
serve often collects in cataphyllary leaves of peculiar development; in Allium Cepa 
in the lower part of the leaf-sheaths, which persist through the winter, while the 
upper parts of the leaves die off. 

We have already in the last chapter spoken of the immense variety of the 
contrivances which have for their object the partial or entire prevention of the 
self-fertilisation of plants, in order to produce a stronger and more numerous off- 
spring by the sexual union of different individuals ; and only a few examples need 
now be mentioned. Just as the form, size, colour, position and movements of the 
parts of the flower are almost invariably adapted to facilitate the conveyance of 
pollen from one flower to another, generally by insects, and often also to render 
self-fertilisation impossible; and as a great diversity even of those forms of flowers 
which are constructed on the same morphological type results from this, so the 
properties of ripe seeds and fruits arc no less adapted 1 to bring about the dis- 
semination of the seeds. Fruits which are very similar from a morphological point of 
view may nevertheless assume physiological properties which are altogether different, 
and fruits which are very different morphologically may become extremely similar in 
consequence of their adaptation to the purposes of dissemination. The service 
rendered by insects in the fertilisation of diclinous, dichogamous, dimorphic, and 
many other flowers, is performed by birds in the dissemination of a number of seeds 
which are concealed beneath fleshy edible pericarps ; in some cases, as the Mistletoe, 
it is scarcely possible to imagine any other mode of dissemination than the eating of 
the berries by birds. Dry fruits or the seeds which are shed by dry fruits are often 
provided with an apparatus adapted for transport by the wind, the morphological 
value of which is as various as possible. The wings on the seeds of the species 
of Abies are outgrowths of a superficial layer of the tissue of the scale, those on the 
seed of Bignonia muricata originate from the integument of the ovule ; the wings of 
the indehiscent fruits (samarse) of Acer , Ulmus , & c. are outgrowths of the pericarp; 
the crown of hairs on the seed of Asclepias syriac a evidently performs the same 
service as the pappus of many Composite which is a metamorphosed calyx. In 
these cases it is obvious that the wind carries the seeds or fruits; in other cases 


1 It is scarcely needful to mention again that this mode of expression has only a metaphorical 
meaning from the stand-point here assumed, and is only used for the sake of convenience. 
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animals of considerable size perform this office involuntarily, the hooked or rough 
fruits becoming attached to them and afterwards failing off 1 . 

In most of these adaptations, both their purpose and the mechanical con- 
trivances for its attainment are easily recognised; but not unfrequently the latter 
require a closer examination and some reflection in order to understand them. 
Among many other cases of this kind one only may be mentioned here which 
any one can easily observe for himself. The fruit of Erodium gruinum and other 
Geraniacese 2 splits up into five mericarps each of which has the form of a cone with 
the apex pointing downwards, containing the seed and bearing above a long awn. 
When moist this awn is stretched out straight, but if it becomes dry while lying on 
the ground the outer side of the awn contracts strongly, causing the upper end to 
describe a sickle-shaped curve, which brings its point against the ground, the cone 
being thus placed with its apex downwards. The lower part of the awn now begins 
to contract into narrow spiral coils, causing the cone to turn on its axis and to 
penetrate the ground, and the erect hairs on it which point upwards retain it there 
like grappling-hooks. After the cone has penetrated the ground, the twisted part 
of the av^n does the same, driving the part which contains the seed further and 
further into the soil. If the mericarp now becomes moistened, the coiled part 
attempts to straighten itself, but its coils are held by the hairs which stand on 
the convex surface ; and thus this movement also contributes to drive the cone 
deeper into the soil. Whether therefore the moisture is greater or less, the me- 
chanical contrivance produces the same effect, namely, to drive the part of the 
mericarp which contains the seed into the soil. 

Some of the contrivances found in plants are extremely striking, from the concur- 
rence of the most different properties for the attainment of a perfectly definite purpose 
corresponding only to certain specific conditions of life, as the adaptation of the Virginian 
Creeper to climbing up vertical walls, the contrivance to prevent self-fertilisation in the 
flowers of Aristolochia Clcmatitis , the bursting of the fruit of Momordica E later turn, 
and a thousand similar cases. The most remarkable instances are generally connected 
with the ordinary arrangements, or even with other extreme cases, by a number of the 
most diverse intermediate or transitional forms. These transitional forms have been 
described in detail by Darwin in the case of climbing and twining plants, and the 
fertilisation of Orchids, in his works already mentioned, and by Hildebrand in the case of 
the fertilisation of Salvia*, and of the dissemination of seeds. 

Sect. 39. — The Theory of Descent. The facts and conclusions which have 
been indicated rather than described are the foundation of the Theory of Descent. 
This theory consists in the hypothesis that the most unlike forms of plants have a 
relationship to one another of the same kind as that which the varieties gradually 
developed from one ancestral form bear to it and to one another. It supposes 
that the different species of a genus are varieties derived from one progenitor 
which have undergone further development ; and that in the same manner the various 
genera of an order owe their common characters to their descent from one and the 

1 [A remarkable instance of this is recorded by Dr. Shaw (Journ. Linn. Soc. vol. XIV, 1874, 
p. “202), in the introduction into South Africa and enormously rapid distribution of a European 
plant, Xanthium spinosum , by the spiny achenes clinging to the wool of the Merino sheep.] See also 
Hildebrand, Die Verbreitungsmittcl der Pflanzen, Leipzig 1873. 

* .See Ilanstcin, Sitzungsber. der niederrheinischen Ges. in Bonn, 1868. 

Jahrbuch fur wiss. Hot. vol. IV, 1865. Also Verbreitungsmitlel der Manzen. 
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same older ancestral form, and their differences to variation and to the accumulation 
of new characters in successive individuals through a long series of generations. 
The theory of descent goes still further, and assumes the same mutual relationship 
between the various orders of a class, between the various classes of a group, and 
finally between the various groups. It considers variation in the course of repro- 
duction to be the cause of all the differences among plants, and the heredity of 
the varietal characters to be the cause of the agreement which subsists even be- 
tween the most diverse forms of plants. What we call the common law of growth 
of a class, or in other words its Type , is the result of all the plants of this class being 
descended from one ancestral form or Archetype, as Darwin terms it. That which 
was long since termed in a merely metaphorical sense the affinity between different 
forms of plants is, according to the theory of descent, an actual affinity or blood- 
relationship in various degrees. The differences have arisen in the course of a long 
series of generations, by the descendants of the same archetype continuing to vary, 
by the variation of the different individuals in different ways, and by the continual 
and necessary increase of the differences between them under diverse conditions of 
climate, especially under the conditions imposed by the struggle for existence, in 
order that they may still be capable of maintaining themselves. At the same time 
numberless varieties, species, and genera have gradually disappeared, because they 
were not sufficiently adapted for the struggle for existence under the new conditions 
caused by geological changes, and in consequence of the appearance of other forms 
which were better adapted to resist them. 

The scientific basis for the theory of descent rests in the fact that it alone is able 
to explain in a simple manner all the mutual relationships of plants to one another, 
to the animal kingdom, and to the facts of geology and paleontology, their distribu- 
tion at different times over the surface of the earth, &c. ; for this no other hypothesis 
is necessary than descent with variation and the continued struggle for existence which 
permits those forms only to persist that are sufficiently endowed with Useful pro- 
perties, the others perishing sooner or later. Moreover both these hypotheses are 
supported by an infinite number of facts. The theory of descent involves only one 
hypothesis that is not directly demonstrated by facts, namely that the amount of 
variation may increase to any given extent in a sufficiently long time. But since the 
theory which involves this hypothesis is sufficient to explain the facts of morphology 
and adaptation, and since these are explained by no other scientific theory, we arc 
justified in making this assumption. 

The theory of descent explains intelligibly how plants have obtained their 
extraordinarily perfect adaptations for supporting the struggle for existence ; this 
struggle has itself been the means of their obtaining them by the ‘ Survival of the 
Fittest/ that is, by permitting the existence and propagation of those newly-formed 
varieties alone which are endowed with the various characters that render them 
best fitted to the climate and to resist the rivalry of competitors, the attacks of 
animals, &c. In this manner adaptations are gradually developed from a slight and 
imperceptible beginning by the accumulation of useful characters which have the 
appearance of being the result of the most careful and far* sighted calculation and 
deliberation, or sometimes even of the most cruel caprice (as in the fertilisation of 
Apocynum androsatmifolium by flics which are tortured to death in the process). 
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The fact that members which are morphologically similar are adapted for the 
most various functions is explicable when we consider that the morphological 
features in the structure of plants are those which are most certainly transmitted 
unchanged to posterity, either because they have no direct relation to the struggle 
for existence, or because they have proved useful in the various relations of life ; 
as for example the differentiation into stem, root, leaves, &c., and into the different 
tissue-systems, by which the division of physiological labour and the acquisition of 
the most various properties useful for the struggle for existence are facilitated. The 
structure of the Thallophytes and of the Hepatic® shows that these morphological 
differentiations do not exist in the first or lowest forms of plants, but that they come 
gradually into existence ; but when once fully developed they are preserved in the 
course of further variations, because they arc never prejudicial, but often on the 
contrary advantageous for the purposes of adaptation. 

The perfect heredity of morphological characters gives rise to a very remarkable 
phenomenon, the production of functionless members. It is obvious that hereditary 
peculiarities may have lost their use under the new conditions of life of the de- 
scendants, ^because the physiological requirements of the plant are supplied by other 
means, by fresh adaptations. Of this nature are, for example, the minute leaves 
on the root-like shoots of Psilotum , the formation of endosperm in the embryo-sac 
of many Dicotyledons whose embryo afterwards grows so vigorously as to supplant 
the endosperm, while it becomes itself filled with reserve food-materials which in 
other cases are stored up in the endosperm for the seedling. The most striking 
illustration however is the behaviour of parasites and saprophytes destitute of 
chlorophyll, which are found in various orders of plants, and the near allies of 
which form large green leaves containing chlorophyll, while these produce leaves 
similar in a morphological sense, but which are neither large nor green, and 
sometimes degenerated so as to have become obsolete. The explanation of this 
phenomenon is at once afforded by the theory of descent, viz. that the parasites 
and saprophytes which contain no chlorophyll are the transformed descendants of 
leafy ancestors which did form chlorophyll, but which have gradually become ac- 
customed to take up the assimilated food-materials of other plants or the available 
products of their decomposition ; and the more they did this the less needful did 
it become for the plants themselves to assimilate. The green leaves therefore 
became meaningless and ceased to form chlorophyll ; but without chlorophyll the 
leaves were of little or no service to the new form, and therefore as little substance 
as possible was employed in their development, and they gradually degenerated. 

Looked at from the point of view of the theory of descent, the natural system 
of the classification of plants represents their blood-relationship to one another. 
A species consists of all the varieties which are descended from a common ancestral 
form; a genus of all the species produced from an older progenitor, and which 
have become in the course of time further differentiated ; an order includes all the 
genera which have been derived by variation from a still older ancestral form ; and 
the first primitive form of all the orders comprised in a group belongs to a still 
older past ; finally there must have been a time when a primordial plant originated 
the whole series of development ; and this must have produced in its varying de- 
scendants the primitive types of all the later forms. The relationships of the various 
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classes and groups described at length in Book II might be represented by lines, 
which should express their actual affinity to one another; and the system of 
diverging lines which would thus be obtained might be compared to an irregular 
system of branching. 

It has frequently been attempted to draw up genealogical trees for the whole 
Vegetable Kingdom and for the various groups of it, but the attempts made 
hitherto are by no means satisfactory, for the incompleteness of our knowledge 
as to the real relationships leaves too much room for the play of the imagination 
and of subjective impressions. I will merely suggest here, as I did repeatedly in 
Book II, that in endeavouring to form such a genealogical tree, the simplest forms 
of the various types or classes must be especially considered, for it is in them 
that the evidences of descent from common ancestral forms will most easily be 
detected. With each of these simple forms, which do not differ widely from each 
other, is connected a branching developmental series in which variation is taking 
place independently of other series ; in consequence of this variation the difference 
between the members of one series and those of another is increasing, so that the 
most perfect forms of different types are those which arc the most widely separated. 

The theory of descent requires that the various forms of plants must have arisen 
at different times, that the primitive forms of the separate classes and groups existed 
at an earlier period than the derived ones ; and palaeontological research, although at 
present it has but a very small amount of material at its disposal, supports this view. 

In the same manner it is a necessary consequence of the theory that each plant- 
form must have originated at a definite spot, that it must have spread gradually more 
widely from that spot, that its change of locality in the course of generations must 
have depended on climatic conditions, the competition of rivals, &c., and that its 
distribution must have been impeded by hindrances or assisted by means of 
transport 1 . The geographical distribution of plants has already determined in 
the case of many forms the spots on the surface of the earth or centres of distri- 
bution from which they have gradually spread ; it has shown how the distribution 
has been hindered sometimes by climate, sometimes by chains of mountains, some- 
times by seas ; how more recently formed islands have been peopled by the plants 
from the neighbouring continents which have become the ancestors of new species 2 ; 
how some species when transported to a new soil (as European plants in America 
and vice versd ) have sometimes carried on a successful struggle for existence with the 
native plants and have increased enormously. In the distribution of plants at present 
existing, as for instance Alpine plants, it is possible to recognise the influences of 
the last great geological changes, of the entrance and disappearance of the glacial 
epoch and of earlier periods. 

When we reflect what a number of generations our cultivated plants must have 
passed through before any considerable amount of new properties were manifested in 


1 Kerner has given an illustration of what can be accomplished in this direction in the rela- 
tionships, geographical distribution, and history of the species of Cytisvs from the primitive form 
Tubocytisus, in his pamphlet Die Abhangigkeit der Vflanzengestalt von Klima und Boden, Inns- 
bruck 1869. 

a See Dr. Hooker, On Insular Floras, Gardener’s Chronicle, Jan. 1867; Ann. des sci. nat. 
5th series, vol. IV. p. 266. [Wallace, Island Life, 1880.] 
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their varieties, and how long it takes for these new properties to become hereditary, 
and further how enormous is the diversity of hereditary properties, we are forced to 
the conclusion that an inconceivably long period must have elapsed since the 
appearance of the first plants on the earth.- But geology and the physical nature of 
the globe require as great a space of time for the explanation of other facts ; and a 
few millions of years more or less is a matter of but little consequence in the expla- 
nation of facts which require lapse of time in order to reach a given magnitude. 

The first rudiments of the Theory of Descent, which holds good for the animal as for 
the vegetable kingdom, may be traced to Lamarck, at the commencement of the century, 
in his Zoologic Phiiosophique (Paris, 1801); it was afterwards advocated by Geoffroy 
St. Hilaire; but it is only since the publication of Darwin’s work ‘On the Origin of 
Species by means of Natural Selection* (London, 1859) that it has become an integral 
part of science. Darwin’s great service to science is to have established as a fact the 
struggle for existence which all living beings have to fight, and to have proved its action 
in the maintenance or destruction of new forms. It is only by means uf the struggle for 
existence that the motive principle is recognised, and that the theory of descent is enabled 
to solve the great problem why parts which are morphologically similar arc adapted for 
such different functions ; and conversely also to show how purpose in organisation, and at 
the same time the relations of affinity among plants, can be explained. Darwin considers 
the Natural Selection which the struggle for existence brings about as the sole cause 
of the increasing differentiation of plants which are undergoing variation ; he starts with 
the hypothesis that every plant varies iti all directions without any definite tendency to 
become further developed in any one particular direction. He attributes to the struggle 
for existence alone the power of securing the perpetuation of one or more varieties 
among the countless numbers which are produced, and is convinced that in this way not 
only is a perfect adaptation of the new forms effected, but morphological differentiation 
is also carried further. Niigeli 1 assumes, on the contrary, that each plant has in itself 
a tendency to vary in a definite direction, to increase the morphological differentiation, 
or, as it is commonly expressed, to perfect itself. The great differences of a purely 
morphological nature between the classes and smaller divisions of the vegetable kingdom 
may then owe their existence to this internal tendency towards a higher and more varied 
differentiation ; while the struggle for existence brings about the adaptation of the 
separate forms. The great services of the theory of descent remain in cither case. 

In all future research it will be of primary importance to distinguish clearly between 
those peculiarities of plants which have no reference to the external world, which arc, 
that is, purely morphological, and those without which it would be impossible for the 
plant to continue to exist under certain external conditions. It appears to be certain 
that the latter are only produced by adaptation in the struggle for existence’ 2 . 

The first and simplest plants had no ancestors ; they arose by spontaneous generation. 
Whether this took place only once ; whether only one or a number of primitive plants 
were produced simultaneously, giving origin in the latter case to different developmental 
series, or whether, as Niigeli supposes, spontaneous generation has taken place at all 
times, and is now taking place, giving rise to new developmental series, are questions 
which still await solution, and which we cannot follow out further here. 


1 Niigeli, Entstehung und Bcgriff der naturliislorischen Art, Munich 1865. 

2 Pringshcim has recently drawn attention to certain phenomena in the Sphacelarice which 
show that a continued development with increasing morphological differentiation may take place 
independently of the struggle for existence (Abh. Perl. Acad. 1873). Cultivated plants show, on 
the other hand, that a considerable accumulation of new physiological properties may take place 
unaccompanied by important morphological changes. 
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Page 8. Cell- formation by Rejuvenescence. In most cases the cell produced con* 
tains only one nucleus, but several may be present, as in the zoogonidium of Vaucheria 
and in the oosphcre of those Saprolegnieae in which there is only one oosphere in the 
oogonium. 

T he whole of the protoplasm of the cell is not necessarily involved in this process, as 
is shown by the development of the antherozoid in many cases. 

Page 9. In the process of conjugation in Spirogyra the nuclei of the conjugating cells 
were observed by Schmitz (Sitzber. d. niederrhein. Ges. in Bonn, 1879) to coalesce. 

Pag© 10 . From the researches of Schmitz on the Myxomycetes (Sitzber. d. nieder- 
rhein. Ges. in Bonn, 1879), it appears that the nuclei of the cells which coalesce to form 
the plasmodium do not fuse but remain distinct : this case of coalescence of cells cannot, 
therefore, be any longer regarded as an instance of cell-formation by conjugation. 

Free cell-formation. From the account of this process given in the text, it is evident 
that the expression ‘free cell-formation’ is now used in a sense different from that which 
it originally possessed. In its original sense it implied the development de novo of 
fresh nuclei around which the protoplasm became aggregated so as to form cells: it is 
now applied to those cases in which many nuclear divisions take place before any cor- 
responding cell-divisions occur. Taken in this sense, free cell-formation differs only in 
degree from cell-division, and it is not possible to distinguish sharply between them : 
for example, the development of the pollen-grains of Dicotyledons is usually regarded as 
coming under the head of cell-division, but it may equally well be considered to be a case 
of very limited free-cell formation in which only four nuclei are produced by division 
before any cell-division takes place. 

It must not be assumed that there is no such thing as a formation of nuclei de novo. 
Strasburger (Bau u. Wachsth. d. Zellhaute) has pointed out that the appearance of the male 
pronucleus in the oosphere during fertilisation (see p. 584) is an instance of it, inasmuch as 
the nuclei of the pollen-grain do not pass directly into the oosphere, but break up and 
become diffused cither in the pollen-grain or in the pollen-tube. Joliow has observed the 
breaking-up and the reconstitution of nuclei in Chara (Bot. Zeitg. 1881). 

Page 12 . For minute details as to the development of spores and of pollen -grains, 
see Strasburger, Bau und Wachsthum dcr Zellhaute, 1882. 

Page 16. Cell-formation by Budding and Abstricthn . Further instances of this arc 
afforded in the formation of the spores of Pellia epiphylla and some other Liverworts. 
The mother-cell of the spores grows out into four protuberances, each of which becomes 
shut oif by a septum in the narrow’ pedicle and forms a spore (Strasburger, Zclltheilung und 
Zellbildung, 1880). 

Page 18. Vegetative Cell-formation. In the case of naked (primordial) cells division 
takes place by the gradual constriction of the protoplasm : this has been observed by 
Schmitz (Mittheil. aus der zool. Stat. zu Neapcl, I, 1878) in the formation of zoogonidia of 
Halospkara viridis ; by de Bary in the amoeboid zoogonidia of Myxomycetes ; by Pring- 
sheim in the oospore of QLdogonium ; and by Kirchner in the oospore of Volvox minor. 

Page 17. The Behaviour of the Nucleus during Division . The accounts of the structure 
of the nucleus and of its behaviour during division given by Flemming and by Strasburger 
do not agree in all points. The following are the principal differences between them : 
(1) Flemming holds that the chromatin only exists in the form of fibrillas ; (2) he does 
not agree with Strasburger that, in the splitting of the equatorial plate, any division of 
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the chromatin fibrillae takes place, but he considers that two groups of fibrillac are formed 
which travel to the poles of the spindle; (3) he is of opinion that the equatorial plate 
consists of chromatin and the rest of the spindle of achromatin, whereas Strasburger 
states that the equatorial plate consists of the whole of the nuclear substance (both 
chromatin and achromatin) and that the spindle consists of cell-protoplasm; (4) Flem- 
ming does not admit that the fibrillae, derived from the equatorial plate, which travel to 
each pole, undergo fusion to form a new nucleus. (See Quart. Joum. Micros. Sci. 1882.) 

The illustrative cases of cell-division which have been given in the text refer only to 
cells which contain a single nucleus. In cells which are or are about to become multi- 
nuclear, — in cases, that is, in which nuclear division is not followed by cell division, — 
the process of nuclear division is usually simpler. In the older internodal cells of the 
Characcx, in older parenchymatous cells of Lycopodium and of some Phanerogams 
[Taraxacum, Glyceria , Scmpervivum, Cereus , Solatium , etc.), and occasionally in Fa Ionia (in 
all of which cases the cells become multinuclear), the nucleus simply divides by con- 
striction, the chromatin granules being shared equally between the two new nuclei 
without any indications of karyokinesis. Division may begin again in the two new 
nuclei even before they are separated from each other. This process of nuclear division 
has been termed fragmentation . In Falonia and in Codium a rudimentary form of karyo- 
kincsis has been observed by Schmitz and by Berthold (Mittheil. dcr zool. Stat. zu 
Neapcl, II, y88o), which appears to occur commonly among Thallophytes. In such a case 
the nucleus becomes elongated ; its ends enlarge, whereas the middle part remains narrow ; 
the ground-substance of the nucleus now presents a faint longitudinal striation, and the 
chromatin-granules cither simply travel to the two ends of the nucleus, or become rod- 
shaped and aggregate in the equatorial plane to form a rudimentary nuclear disc, which 
splits in the ordinary way, each half travelling to one end of the nucleus. The narrow 
middle portion now undergoes absorption, and the two ends round themselves olT to con- 
stitute two new nuclei. Treub (Sur des cellules v£g6tales & plusieurs noyaux, Arch. 
Necrland., XV, 1880) has observed the division of the nucleus in the multinuclear bast- 
fibres and laticiferous cells of various Phanerogams, and finds that it takes place in the 
manner described in the text for uninuclear cells, except that no cell-plate is formed. 
See also Johow, Die Zellkerne von Cbara , Bot. Zeitg. 1881. 

An illustration of the independence of cell-division with regard to nuclear division 
is afforded by Cladophora. The cells of this plant are multinuclear, and Strasburger has 
found that the division of the nuclei takes place in the manner observed by Treub in 
bast-fibres and laticiferous cells : the division of the cells bears no relation, either in 
time or space, to that of the nuclei ; the new cell-wall is formed in much the same 
manner as in Spirogyra . 

Page 19 . Schmitz has come to the conclusion (loc. cit . 1880) that the cell-wall is 
formed by the actual conversion of a peripheral layer of the protoplasm into cellulose. 
He is also of opinion that stratified cell-walls are formed by the deposition, one within 
the other, of successive layers, and not by intussusceptive growth with subsequent differ- 
entiation. These views are also held by Strasburger; Bau und Wachsthum der Zell- 
hiiutc, 1882 (sec p.960). 

Both Schmitz and Strasburger hold that the surface-growth of cell-walls is not due 
to the intercalation of new solid particles (intussusception), but is simply the expression 
of the stretching of the cell-wall by the cell-contents. 

Frommann (Protoplasma, 1880) believes that he has been able to trace a connexion 
of the protoplasm through the walls of adjacent cells. That protoplasm can pass through 
closed cell- walls is beyond doubt. See Strasburger, loc . cit. p. 247. 

Page 23 . The formation of bordered pits. A very different account from that in 
the text is given by Mikosch (Unters. iib. Entstehung und Bau der Hoftiipfel, Sitzber. d. 
k. k. Akad. in Wien, LXXXIV, 1881). Sachs has found (Ucb. die Porositiit des Holzes, 
Arb. d. bot. Inst, in Wfirzburg, II, 1879) that in the spring-wood at least the bordered pits 
are closed by a membrane. See also Strasburger, Bau und Wachsth. d. Zellhaute, 1882. 
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Page 2 d. With regard to the growth of the cell- wall by intussusception, see note 
above referring to page 19. 

Page 30. With regard to the growth in thickness of the cell-wall, see the note 
referring to page 19. 

Page 30, 1 6th line from the top: for ‘molecules’ read ‘micellae.* 

Page 37. Protoplasm. According to Schmitz (Unters. ueb. die Struktur des Pro- 
toplasmas und der Zcllkerne, Sitzber. d. niederrhein. Ges. in Bonn, 1880), a net-work 
of fine fibres exists in protoplasm, the meshes of which arc occupied by a homogeneous 
fluid : the net-work readily stains with haematoxylin, but the fluid remains colourless. In 
the endoplasm, more particularly, a greater or smaller number of fine granules, termed by 
Hanstein microsomata, which stain deeply with haematoxylin, are present. (See also 
Frommann, Beob. iib. Structur und Bewegungserscheinungen des Protoplasma, Jena, 1880. 
— Hanstein, Das Protoplasma, Heidelberg, 1880: id. y Einige Ziige aus der Biologie des 
Protoplasmas, Botanische Abhandlungen, IV. 2, 1880. — Strasburger, Zellhiiute, 1882. — On 
the Chemistry of Protoplasm, see Reinkc, in Unters. aus dem Bot. Lab. der Uni vers. 
Gottingen, II, 1881.) 

Page 44 . The Nucleus. Schmitz has detected one or more nuclei in a number of 
7 'hallophytes (Bat rac bos per mum moniliforme, Ccdium , Vaucheria , Caulerpa , Conferva , Gow- 
grosira, Schizogonium , Monostroma f Chlamydomnnas, Chroolepus , Saprolegnia , Mucor , Sac- 
charomycesy Mycodtrma , O'tdium , Exoascusy Pezizay More hell a y Ascoholus , MyxomyceteSy etc, • 
(Sitzber. d. niederrhein. Ges. in Bonn, 1879 and 1880): he believes that the Phycochro- 
maceae and the Schizomycetes are the only plants in which no nucleus is present. 

With regard to the function of the nucleus, it does not appear that it regulates the 
process of cell-division. Strasburger is of opinion (Bau und Wachsthum der Zellhiiute, 
1882, p. 241) that it is of importance in the nutrition of the cell, more especially as regards 
the formation of proteids. 

W r ith regard to the structure of the nucleus, see page 18. 

Chemically the nucleus consists of a substance termed nuclein , to which Miescher has 
given the formula G. 0 H 4J) N 9 P 3 0 22 . (See Hoppe-Seyler, Physiologischc Chemie ; also 
Zacharias, Die chcmische Bcschaflenheit des Zellkerns, Bot. Zeitg, 1881.) 

Page 48 . On the development of chlorophyll-granules, see Mikosch, Unters. tib. 
die Entstehung der Ghlorophyllkorner, Sitzber. d. k. k. Akad. in Wien, LXXVIII, 1878. 

Page 49 . Structure of chlorophyll-granules. Pringsheim has observed (Ueb. Licht- 
wirkung und Chlorophyllfunction in der Pflanze, Jahrb. f. wiss. Bot., XII, 18S1) that 
when green parts of plants are treated with dilute acids or with warm water the colouring- 
matter exudes in viscid drops, the colourless basis remains behind and presents a trabecular 
structure in the interstices of which the colouring-matter was previously contained. 

Page 49 - 51 . Crystalloids and Aleurone-grains. On Rhodospermin, see note on 
page 289. — Schimper, Unters. iib. die Proteinkrystalloide der Pflanzcn, Strassburg, 1879 : 
id.y Ueb. die Krystallisation der eiweissartigen Substanzen, Zeitschr. fiir Krystallographie, 
1 880. — Vines, On the Proteid Substances contained in the Seeds of Plants, Journal of 
Physiology, III, t88i. — J ulius Klein, Die Krystalloide der Meeresalgen, and Die Zellkern- 
Krystalloide von Pinguicula und Utricularia } Jahrb. f. wiss. Bot. XIII, 1881. 

An aleurone-grain consists of a mixture of proteids, some of which are soluble in 
water, and others in either saturated or dilute solution of common salt; the former 
belong to the chemical group of peptones, the latter to the globulins. In some cases the 
grain does not dissolve in salt solution ; this is probably due to a chemical alteration of 
the globulins into albuminates. The crystalloids consist chemically of globulins or of 
altered globulins (albuminates). 

Page 67 et seq. In the account of the growth of starch-grains the w T ord ‘ micella’ is 
to be substituted for ‘molecule’ (see Bk. Ill): it is also preferable to use the word 
‘ hilum ’ instead of ‘ nucleus.* 

With reference to the mode of growth of starch-grains, it appears from Schimper’s 
observations (Unters. iib. das Wachsthum der Starkekorner, Bot. Zeitg. 1881) that they 
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grow by apposition and not by intussusception. He is led to the conclusion that a starch- 
grain is a sphero-crystal, built up of prismatic crystalloids. (By a 1 crystalloid * is meant here 
and elsewhere a crystal which is capable of swelling-up.) This conclusion is supported by 
Meyer {ibid.), and by Strasburger (Bau und Wachsthum der Zellhiiute, 1882), but is severely 
criticised by Niigeli (Untcrs. lib. das Wachsthum der Starkekorncr, Bot. Zeitg. 1881). 

It is known that when starch-grains are formed in parts of plants exposed to light, 
they arise in connexion w'ith the chlorophyll-granules. Sehimper has made the interesting 
observation (Bot. Zeitg. 18S0; also Researches upon the Development of Starch-grains, 
Quart. Journ. Micr. Sci., 1 88 1 ) that when they are formed in parts of plants not exposed 
to light they arise in connexion w'ith small masses of protoplasm which he terms ‘ starch- 
forming corpuscles’ ( Starkebildner ). That they are closely related to the chlorophyll- 
granules is shown by the fact that if cells containing starch -forming corpuscles arc exposed 
to light, the corpuscles turn green and become in fact chlorophyll-granules. Errera 
suggests the name * amidoplasts ’ for these bodies. 

Sehimper observed that the point of attachment of the starch-grain to the chlorophyll- 
granule or starch-forming corpuscle lies in the line of the long axis ot the grain, — that is, 
in the line of most rapid growth, — and at its broader end ; the hilum is near the free 
narrow’ end of the grain. These facts afford a strong argument in favour of the growth of 
the grain by apposition. 

Page 04 , line 9 from the top. For * crecta 9 read 1 cvecta.' 

Page 05 . On the distribution of calcium carbonate, see Moliseh, Uebcr die Abla- 
gerung von kohlensaurern Kalk im Stamme dicotyler Holzgcwachse, Sitzber. d. k. k. Akad. 
in Wien, LX XXIV, x 88 1 . 

Page 08 . Cystolitbs. See also Richter. Beitr. zur genauern Kcnntniss der Cysto- 
lithen, etc., Sitzber. d. k. k. Akad. in Wien, LXXV 1 , 1877, and Melnikoff, Unters. lib. das 
Vorkommen des Kuhlensaurcn Kalkes in Pflanzen, Diss. Inaug., Bonn, 1877. 

Page 70 . The statement made here with reference to the formation of the endo- 
sperm in the embryo-sac of Phanerogams is not quite accurate : compare p. 585. 

For a more complete account of the Morphology of the Tissues, see de Bary, 
Vergleichende Anatomic der Vcgetationsorgane der Phanerogamen und der Fame, 1877. 

Page 77 . Leitgeb has found (Die Athemoffnungen der Marchantiaceen (Sitzber. 
d. k. k. Akad. in Wien, LXXXI, 1880) that the hypodermal chambers of these plants is not 
formed, as described in the text, by the separation of the epidermal cells from the sub- 
jacent tissue : these chambers make their first appearance as pits which become overgrown 
by the epidermal cells which form their limits, and the communication between the cavity 
of the pit and the external air may be continuous from the beginning, or the pits may 
become completely closed in by the overgrowth of the surrounding epidermal cells, the 
communication being restored on the development of the stoma. In both cases the cells 
forming the stoma are not derived from a single mother cell ; in the former case the 
.stomal al cells are formed by the cutting off of contiguous segments from the cells bounding 
the opening; in the latter, by the cutting off of segments in a similar manner from the 
cells lying over the centre of the chamber, and by the subsequent separation of these 
segments so as to form an opening between them. The stomatal cells may then divide so 
as to form a series of superposed cells, and thus the complex stoma of Marcbantia , lor 
example, is produced. 

Page 80 . On the development of laticiferous vessels, see Schrnalhausen, Beitr. z. 
Kcnntniss der Milchsaftbehiilter der Pflanzen, M6m. de 1 ’Acad. imp. de St. Petersbourg, 
XXIV, 1877; also Scott, The Development of Articulated Laticiferous Vessels, Quart. 
Journ. Micr. Sci., 1882, and Schmidt. Bot. Zeitg., 1882. 

Page 88, line 2 from the bottom. The statement in the text that sieve-tubes occur 
only in the fibro-vascular bundles is not correct. Scattered bundles of them occur in the 
stems of many Dicotyledons and Monocotyledons; in the periphery of the pith in Solatium 
tuberosum , Dulcamara , species of Nicotiana , Datura , and Oestrum , in many Campanulacea?, 
and among Composites in Gundclia Tounufortii , and in the genera Lactuca , Scorzunera , 
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Sonchus , " 5 Tragopogon , and Hieracium ; in the cortex of thick-stemmed Cucurbitaceae, such as 
Cucurbita , Lagenaria , Cucumis , Ecbalium , and in many species of Potamogeton (P, natans , 
lucens y pectinatus ). 

In Strychnos no sieve-tubes are formed in the secondary phloem, but they occur in the 
xylem (de Bary, Vergleichende Anatomie, p. 594), 

Page 00 . For a full account of the structure of sieve-tubes, and of their transverse 
connexion, see Wilhelm, Beitr. z. Kenntniss des Sicbrdhrenapparates Dicotyler Pflanzen, 
Leipzig, 1880: also, Janczewski, Etudes comparees sur les tubes cribrcux, Cherbourg, 
1881. 

Page 03 . On the development of resin-ducts, see Krcuz, Beitr. zttr Entwicke- 
lungsgeschichte der Harzgange einiger Coniferen, Sitzbcr. der k. k. Akad. in Wien, 
LXXVI, 1877. 

Page 08. Stdhr (Ueb. Vorkommen von Chlorophyll in der Epidermis der Phancro- 
gamen-Laubblatter, Sitzber. d. k. k. Akad. in Wien, LXXIX, 1879) has found chlorophyll- 
granules in the epidermal cells of the leaves of a large number of plants. 

Page 102. Mention should be made, under the head of Stomata, of the water- 
stomata or water-pores which occur on the leaves of those plants (such as Alchemilla , Z™, 
many Aroids, Saxifragaceac, and Crassulacca*.) which excrete drops of water. In some of 
these an ordinary stoma serves as a water-stoma ; in others the water-stoma is larger than 
the ordinary stoma, and its guard-cells are incapable of opening and closing the aperture. 
In the Saxifragaccx and Crassulaceae the mesophyll-cells beneath the water-stoma are 
differentiated so as to form a more or less well-defined mass of tissue, the water-gland, 
which appears to effect the excretion of saline substances (principally calcic carbonate) in 
solution in the excreted u'atcr. In each such gland a fibro-vascular bundle terminates. 
See Gardiner, Quart. Journ. Micr. Sci., 1881 ; also de Bary, Vergleichende Anatomie, pp. 
55 > n*b 389 - 

Page 105 . On tlic development of the stomata of Marchantla , see the note above 
which refers to p. 77. 

Page 106 . On Cork, see von Hohncl, Ueber den Kork und verkorktc Gcwcbe 
iiberhaupt, Sitzber. d. k. k. Akad. in Wien, LXXVI, 1877. When cork is developed in roots 
it is formed by the division of the cells of the pcricambium, the primary cortex being 
gradually thrown off. 

Page 108. On Lenticels, see Haberlandt, Beitrnge zur Kenntniss der Lenticcllen, 
Sitzber. d. k. k. Akad. in Wien, LXXII, 1875, and Krcuz, ibid., Entwickelung dcr Lenti- 
cellen an beschattctcn Zweigen von Ampdopsts hederucea . 

Page 112. In addition to collateral and concentric bundles the following may also 
be distinguished : — 

1. Bicollateral bundles , in which (as mentioned on page in) there is a layer of phloem 

on the inner as well as on the outer side of the xylem ; Cucurbitacca:, 
Melastomaccac, Cichoriaceae, Solanaceae, Asclepiadaccae, Apocyneae, Strychnos , 
Daphne , Eucalyptus Globulus , and probably also Metros idcros, Callistimon , Mda- 
leuca , Myrtus , and the other species of Eucalyptus . 

2. Radial Bundles , in which the xylem and the phloem strands lie on different radii. 

This arrangement obtains almost universally in roots, exceptions being found 
in those of Dioscorea Batatas y of Ophrydeae, and perhaps in those of Sedum 
Tdepbium and its allies, in which the bundles are collateral. The bundles 
in the stems of Lycopodiaccx are rather to be regarded as radial than as 
concentric as is done in the text. (De Bary, Vcrgl. Anat.) 

Page 114. The Fibro-vascular System of Roots. On the transition from the fibro- 
vascular system of the stem to that of the root, see Sophie Goldsmith, Beitr. z. Enl- 
wickelungsgcschichte der Fibrovasalmassen im Stengel und in der Hauptwurzel der 
Dicotyledonen, Diss. Inaug. Zurich, 1876; Gerard, Passage de la Racine a la Tige, Ann. 
Sci. Nat. ser. 6, t. XI, 1881. 

Page 116. The ‘ vessels ’ (tracheae) in most plants are really traclieidcs ; this is the 
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case with the peripheral ends of fibro-vascular bundles in all plants ; with the vascular 
elements of the secondary xylem of Conifers and Cycads, and with most of those of the 
secondary xylem of woody Dicotyledons and of many Monocotyledons ; with the vascular 
elements of Ferns and their allies (true vessels are known only in Eteris aquilina and in the 
root of Athyrium Filix fo mina). See de Bary, Vergleichende Anatomic, p. 172. 

The definition given in the text is not satisfactory : a tracheide is a closed vascular 
cell ; true vessels arc formed by the fusion — that is, by the absorption of the intervening 
septa — of tracheides. 

Page 118. De Bary (Vergleichende Anatomic) distinguishes the following kinds of 
proscnchymatous xylem-elements in Dicotyledons (see also p. 651): — 

(1) True Woody Fibres: differing from tracheides in the absence of the internal 

spirally-fibrous layer of their wall, and in that the pits arc narrow, elongated 
transversely, and oblique ; they contain a small residue of protoplasm. 

(2) Fibres (secondary wood) : septate or unseptate, of two kinds, 

a. resembling the true woody fibres, but differing from them in that 

they almost always contain starch, and sometimes chlorophyll or 
tannin ; 

b. shorter fibres, tending to parenchymatous form (hence termed ersatz - 

fasern or ‘ intermediate cells ’). 

Page 1&0, line 1 3 from the top. Dele the word ‘ cortex/ 

„ line 16 from the top. For ‘ phloem ( R )’ read ‘ cortex (R)' 

Page 131 , line 20 from the top. For ‘ secondary cortex* read ‘secondary phloem.* 

Page 132 , line 25 from the top. Dele the word ‘phloem.* 

Page 135 . The cambium which is formed outside the primary xylem-bundles arises 
in the pcricambium. 

Page 138, section (c). The following is to be substituted for the last two para- 
graphs of this section : — 

1. The successive rings of bundles originate in the primary cortex : Mcnispermea*, 

Cycadex,. Avicenniex. 

2. They originate in the primary phloem : Phytolacca . 

3. They originate in the secondary phloem : Wistaria , Bauhinia , Rhyne hosia (Legu- 

minosx) ; Securidaca (Polygalacex) ; Gnetum ; Doliocarpus (Dilleniacex) ; 

Phytocrene (Olacinex). (See de Bary, Vergleichende Anatomie, 1877.) 

Section (d). The account of the mode of growth of the stems of Bignoniaceae given 
by de Bary ( loc . cit.) differs somewhat from that in the text. According to him four 
symmetrically placed fibro-vascular bundles of the ring of primary bundles in the stem are 
from the first larger than the others, all the bundles being connected by a normal cam- 
bium-ring. When growth in thickness begins it proceeds normally at all points except in 
the four above-mentioned bundles ; in these the formation of xylem elements is very much 
smaller than in the adjoining bundles, whereas the formation of bast is much more con- 
siderable. The cambium layer consequently loses its originally circular outline and 
becomes deeply infolded where it extends inwards to each of these four bundles. Where 
it lies radially with respect to the primary bundles, that is, where it is parallel to the 
circumference, the cambium-layer gives lise to xylem and phloem elements in the normal 
manner: where the infoldings take place, that is, where it lies upon the sides of the bundles 
in which the wood has been normally developed, it forms only parenchyma, so that con- 
siderable masses of cortical tissue are formed between the normally developed bundles, 
corresponding in position to the four abnormally developed bundles. 

Page 137 , line 21 from the bottom. None of the scattered bundles in the pith of 
Piperaceae, Amarantaceae (Amarantus, Euxolus ), or Nyctaginex are cauline: they arc leaf- 
traces (de Bary, Vergl. Anat.). The structure of these abnormal forms will be rendered 
more intelligible by the following considerations. The primary bundles in the dicotyle- 
donous stem are in some cases all leaf-traces (c. g. Ricinus , Cucurbita ), but more commonly 
other primary bundles which arc cauline are formed between the primary leaf-traces. 
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When all the bundles lie in a ring, the characteristic structure of a young dicotyledonous 
stem is seen in a transverse section ; when they do not lie in a ring, the appearance pre- 
sented by a section is that of an abnormal stem. In the instances mentioned above the 
latter is the case ; but a more marked instance of this is afforded by Podophyllum , for 
example, in which, owing to the irregular distribution of the primary bundles (which are 
here all leaf-traces), a transverse section of the stem somewhat resembles that of a mono- 
cotyledonous stem. 

The account given in the text of the formation of the cambium-ring in Cbavica 
(Piperaceae) will be correct if for * cauline bundles’ * inner leaf-trace bundles' be sub- 
stituted : that given of the Begoniaceae, in which the internal bundles are cauline, is 
correct. 

Section 19. For an account of the laws according to which cell-divisions take place 
in growing organs, see Sachs’ important paper Ueb. die Anordnung der Zcllen in jiingsten 
Pflanzentheilen, Arb. d. bot. Inst, in Wurzburg, II. 1, 1878. The following are the more 
important points to which he draws attention : — 

1. The walls are formed at right angles to those which they intersect. 

2. The planes of the walls in a growing-point are classified thus : 

a. Periclinal , those which are curved in the same direction as the surface 
(seen in longitudinal section). 

h . Anticlinal , those which intersect the surface and the periclinal walls at 
right angles; they thus constitute a system of orthogonal trajec- 
tories for the periclinal walls. 

c. Radial, those which pass through the axis of growth and intersect the 

surface at right angles. 

d. Transverse , those which intersect both the axis of growth and the 

surface at right angles. 

The relation of the periclinal and anticlinal planes are illustrated by the following 
cases : — 

a . If the outline (in longitudinal section) of the growing-point is a para- 
bola, the periclinals will constitute a system of confocal parabolas of 
different parameter, the focus of the system being at the point of 
intersection of two lines of which one is the direction of the axis 
and the other of the parameter. In this case the anticlinals being 
the orthogonal trajectories of the periclinals, constitute a system of 
confocal parabolas the axis and focus of which coincide with these 
of the periclinals. 

h. If the outline of the growing-point is a hyperbola, the periclinals will be 
confocal hyperbolas with the same axis but different parameter; 
the anticlinals will be confocal ellipses, with the same focus and axis 
as the periclinals. 

c. If the outline of the growing-point is an ellipse, the periclinals will be 
confocal ellipses ; the anticlinals will be confocal hyperbolas. 

It must not be supposed that the outline of a growing-point is necessarily one or 
other of these well-known geometrical forms ; they are selected merely because they serve 
to illustrate clearly the rectangular intersection of the cell-walls as they are formed, and 
because, when the nature of the periclinal and anticlinal curves is unknown, their relations 
may be inferred by analogy. 

An interesting deviation is found in those roots (such as those of Papilionacea*) in 
which the apex of the plerome are open, /. e. are directly continuous with the tissue of the 
root-cap; this is to be ascribed to the fact that the periclinals at the end of the root 
become parallel or even tend to diverge upwards. 

3. The arrangement of the cell-walls in these planes is most perfectly seen in the 
growing-points of plants which do not possess a single apical cell but in 
which there is a smali-cellcd meristem, A large apical cell interrupts the 
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continuity of the planes which are evident in the divisions which take place 
in the segments cut off from the apical cell. 

4. It is probable, contrary to the generally received view, that, in confocal grow- 
ing-points, the apical cell represents the most slowly growing portion, 
whereas in non-con focal mcristem-protuberances the most active growth 
may take place at the apex. Westermaier however has come to the con- 
clusion (Ueb. die Wachsthumsintensitat der Scheitelzelle, Jahrb. f. wiss. 
Bot., XII, 1 88 t ) that the maximum of increase in volume within the apical 
region is exhibited either by the apical cell itself or by the youngest 
segments. 

Page 140 . On the apical growth of Metzgeria furcata , see Goebel, Ueb. das Wachs- 
thum von Metzgeria furcata und Aneura, in Arb. d. bot. des Bot. Inst, in Wurzburg, 
II. 2, 1879. 

When the segments are cut off from the apical cell by oblique walls these are parts of 
anticlinals which are completed by the secondary divisions in the adjacent segments (sec 
fig. 150 A). 

Page 146 . On growing-points of stems without an apical cell, sec Schmitz, Bcob, 
ueb. die Entwickelung der Sprossspitze dcr Phanerogamen, Halle, 1874. 

Page 147 , line 3 from the bottom. It is only in certain cases that the root-cap of 
Phanerogams As derived from the dermatogen. 

On the structure of the grown ng-points of roots, sec Janczcwski, Rechcrches sur le 
devcloppcmcnt des racines dans les Phanerogames, Ann. d. Sei. Nat., ser. 5. t. XX, 1874 : 
— Treub, Le Mdristcme primilif de la Racine dans les Monocotylldones, Leyden, 1876: — 
Eriksson, Ueb. das Urmcristem dcr Dikotylen- Wurzeln, Jahrb. f. wiss. Bot. XI, 1878: — 
Flahault, Recherches sur I’Accroissement terminal dc la Racine chez les Phanerogames, 
Ann. d. Sci. Nat., ser. VI. t. 6, 1878: — Olivier, Rech. sur l’apparcil tegumentaire des 
Racines, Ann. d. Sci. Nat., s£r. 6, t. XI, 188 r. A good account is also given in dc Bary's 
Yerglciehende Anatomic. 

From Janczewski’s researches, of which the following is a brief abstract, it appears 
that in many cases there is a distinct meristematic layer, which he terms the calyptrogen y 
from which the root-cap is derived : — 

Type 1. The meristem consists of four distinct layers, Plerome, Periblcm, Der- 
matogen, and Calyptrogen : Hydrocharis Mors us Ranee, Pistia Stratiotcs. 

Type 2. A distinct Plerome and Calyptrogen ; the Periblem and the Dermatogen 
have common initial-cells: many Monocotyledons (Juncaccar, Harmo- 
doracear, Cannaccac, Zingiberacea*, Typha , Cyperacea, Gramineae, Com- 
mclinca, Potamcx, Juncaginese, Sagittaria , Lim nochar is, Stratiotes ). 

Type 3. A distinct Plerome ; the Calyptrogen, Periblem, and the Dermatogen 
have common initial cells (Treub): many Monocotyledons (Liliacca, 
Asteliear, Xerotideae, Aspidistrea, Ophiopogoncx, Amaryllidex, Hypo- 
xidea*, Dioscoreae, Taccacex, Bromcliacex, Musaccx, Orchideae, Palmx, 
Pandanea, Cyclanthca, Aroideai (except Pistia ), Iridea, Pontederica, 
Sparganium, Butomus, Alisma (?). 

Type 4. A distinct Plerome and Periblem ; the Dermatogen and the Calyptrogen 
have common initial cells : most Dicotyledons (Helianthus annuus , 
Fagopyrum , Raphanus sativus , Myri up by Hum, Salix y Casuaritia stricta y 
Linum usitaiissimum , Primulaccar). 

Type 5. A group of initial cells common to all four layers : some Dicotyledons 
( Cucurbit a, Pisum , Phaseolus , Cicer). 

Type 6. A distinct Plerome and Periblem only ; hence there is no true epidermis 
or root-cap, these being formed simply by the outer layers of the peri- 
blem (cortex) : Gymnosperms. 

Cryptogams. According to the observations of Strasburger (Coniferen und Gne- 
taceen) and of Bruchmann (Ueb. Wurzeln von Lycopodium und lsoetes y 
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Jena, 1874) the structure of the growing-point of the root of Lycopodium 
is the same as that described above under Type 1. 

According to Bruchmann the structure of the growing-point of the root of Isoetes 
agrees with that described tinder Type 4. 

At the growing-point of the root in the Marattiaceae there is a group of several 
large polygonal cells. From these segments are cut off parallel to the base to 
form the root -cap, and internally segments are cut off to increase the Plerome. 
The plerome-segments are further divided by longitudinal walls, and the more 
external of the cells thus formed constitute the cortex, which is differentiated 
at a lower level into Dermatogen and Periblem . These roots are thus inter- 
mediate in their structure between those which have a single apical cell and 
those which have a small-celled meristem. In the case of stems, those of 
certain Selaginellaa (arborescent, Pervillei , Wallichii , Lyalli) occupy an analogous 
position. 

Page 149 . For a discussion of the physiological causes of the morphological differ- 
entiation of Plants, see Sachs, Stoff und Form der Pflanzenorganc, Arb. d. bot. Inst, in 
Wurzburg, II. 3, 1880, and 4, 1882: see also Vochting, Ueb. Organbildung im Pflanzen- 
reich, 1878, and F. Darwin, The Theory of the Growth of Cuttings, Journ. Linn. Soc., 
XVIII, 1881. 

Pago 153 . On the Anatomy and Morphology of the Leaf, see J. Chatin, De la 
Feuille, Paris, 1874; and Goebel, Beitr. zur Morphologic und Physiologic des Blattes, 
Bot. Zeitg. 1880 and 1882. 

Page 103 , fig. 122. The root represented here affords a good illustration of the 
structure of the .apex described above under Type 2 ; it is obvious that the original 
interpretation was the right one, namely, that the root-cap is not developed from the 
dermatogen. 

Page 100 . On the development of the lateral roots, sec Janezewski, Reeherchcs sur 
1 c Developpement des Radicelles dans les Phanerogames, Ann. d. Sci. Nat., sor. 5, XX, 

1874- 

In the Equisetaceic the plerome- (bundle-) sheath consists of two layers (Van 
Tieghcm), and it is from cells of the inner layer that the lateral roots are developed. 

Line 5 from the bottom. For ‘ vascular’ read ‘ xylem.’ 

Page 108 , paragraph (e). For another case of the conversion of a root into a stem, 
see Goebel, Ueb. Wurzelsprosse von Anthurhon longtfoUum , Bot. Zeitg. 1878. 

Page 170 . Wehuitschia produces two leaves in addition to the cotyledons (see Bower, 
Q^J. M. S. t88i). 

Page 171 . It has been found (see p. 400) that the shoots of Equisetaccsc arc not 
endogenous. 

Page 172 , paragraph (a). See Ileinriehcr, Ueb. Advcntivknospcn an der Wedel- 
spreite einiger Fame, and, Die jiingsten Stadien der Adventivknospcn an der Wedel- 
spreitc von Asplenium bulbiferum , Sitzber. d. k. k. Wien. Akad. LXXVIII, 1878, and 
LXXXIV, 1881. He finds that in Asplenium the adventitious bud is developed from a 
single superficial cell. 

Page 173 , paragraphs (b) and (c). On the adventitious development of organs, sec 
Hansen, Vergl. Unters. ueb. Adventivbildungcn bei den Pflanzen, Frankfurt, 1881. 

Paragraph (c). It has been shown by Janezewski and by Famintzin that the lateral 
buds of Equisctaceac are not of endogenous origin. 

Page 184 , paragraph (d). It is pointed out in Book II that the branching of the 
stem of the Lycopodiacese is not dichotomous in all cases. 

Page 187 . Phyllotaxis. On this subject see Schwcndencr, Meehan ische Theorie 
der Blattstellungen, Leipzig, 1878. According to him the relative positions of lateral 
members depends upon (1) the relative size of the lateral members (when they are deve- 
loped close together), and (2) the increase in length and in thickness of the axis bearing 
them. 
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Page 204, paragraph (4). Sachs points out (Ucb. orthotrope und plagiotrope Pflan- 
zentheile, Arb. d. bot. Inst, in Wurzburg, II. 2, 1879) that most monosymmetrical or 
bilaterally symmetrical organs present not only two symmetrical (right and left) halves, 
but also dorsal and ventral halves which are of different internal structure; such organs he 
describes by the term dorsiventral. When this is the case the two halves react differently 
to external forces (light, gravity, etc.), and the organ is, according to his terminology, 
plagiotropic. Some bilateral organs are therefore plagiotropic, but this peculiarity is not 
confined to them, for some polysymmetrical organs are plagiotropic also (see Book III. 
p. 854 ; also Goebel, Ueb. die Verzweigung dorsiventraler Sprosse, Arb. d. bot. Inst, in 
Wiizburg, II. 3, 1880). The term ‘ actinomorphic* is often used as synonymous with 
‘ polysymmetrical.’ 

Page 209. On the morphology of Begonia , see Eichler, Ueb. Wuchsvcrhaltnisse dcr 
Bcgonien, Sitzbcr. d. Ges. naturfor. Frcunde, Berlin, 1880. 

Page 224, line 16 from bottom: dele ‘germinal vesicle.’ 

For an account of sexual reproduction more in accordance with our present know- 
ledge, see Book III. p. 896, et seq . 

Page 226. Alternation of Generations in Thallophytes. It is extremely doubtful if 
any real alternation of generations can be detected in the life-history of Thallophytes, 
more particularly in the one (Pent allium) given as an example in the text. The sexual 
and the ascxt&l modes of reproduction both occur, but their relation in time and space is 
not so definite as to warrant the comparison of the life-history of one of these plants with 
that of a Moss or a Fern. In some, such as the Coleochaetea:, sexual individuals occur 
periodically with a number of intervening asexual generations ; the same might be said of 
some of the /Ecidiomycetes (such as ACc. Berberidis) if only the existence of a sexual act 
were proved. These remarks are also applicable to the accounts of the life -histories of 
various plants given in the Introduction to the Thallophytes in Book II. (See Pringsheiin, 
Jahrb. f. wiss. Bot. XI, 1878 ; and Vines, Journal ot Botany, 1879.) 


BOOK II. 

Page 246. Cyanophyceae (or Phycochromacea?, or Schizophycea*). Goebel (Bot. 
Zeitg. 1880, p. 490) has observed the formation of zoogonidfci in Merismopedia. 

Janczevvski, Observ. sur la Reprod. dc quelqucs Nostocacces, Ann. Sci. Nat. sC*r. V, 19. 

The segments into which the filamentous forms of this group break up have been 
termed by Thuret Hormogonia. 

Page 248 . Rostafinski, Quelqucs mots sur 1 'H.ematococcus lacustris , M6m. de la 
Soc. Nat. des Sc. Nat, de Cherbourg, 1875 ; Dyer, Sexual Reproduction of Thallophytes, 
CbJ. M. S. 1875. 

For ‘ Clorophyll’ read ‘Chlorophyll.’ 

Schizomycctcs. The formation of gonidia in these plants was first observed by Cohn 
in Bacillus (Beitr. z. Biol. d. Pflnzn. I). The filaments elongate very rapidly and become 
diffluent, and then rows of highly refractive gonidia make their appearance in them. 

The following additional references will suffice as an introduction to the very ex- 
tensive recent literature. Dallinger and Drysdale, On the Existence of Flagella (cilia) in 
Bacterium Termoy Monthly Microscop. Journ. XIX, 1875: — Warming, On new forms of 
Bacteria, Vidensk. Meddcl., Copenhagen, 1875 Suringar, On Sarcina t Amsterdam, 1866: 
—Papers by Cohn, Koch, and others, in Cohn’s Beitr. z. Biol. d. Pflnzn. vol. 2, and vol. 3. 1 , 
1877-79 :—Geddes and Cossar Ewart, Proc. Roy. Soc. 1878 {Spirillum) Reports in 
Q^J. M. S., vols. XVIII and XX, 1878-80) : — Kuehn, Kin Beitrag zur Biologic dcr Bac- 
terien, Dorpat, 1879 Nencki, Beitrage zur Biologic der Spaltpilze, Leipzig, 1880 Lister, 
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On the Relation of Micro-organisms to Disease, Q. J. M. S. 1 88 r : — Prazmowski, Unters. 
iib. Entwick. und Fermentwirkung einigcr Bacterien-Asten, 1880:— Papers in Nageli’s 
Unters. ueb. niedere Pilze, Munich, 1882 ; also Die niederen Pilze, 1877 (sanitary). 

Page 240. Saccharomycetes. Nageli, Ueb. die t’hemische Zusammensetzung der 
Hefe, in Sitzungsber. d. Akad. d. Wiss. zu Mtinchen, 1878; also, Theorie der Gahrung, 
Munich, 1879 Hansen, Recherches sur la Physiologie et la Morphologic des Ferments 
alcooliques, Copenhagen, 1881: — Reess, Ueb. den Soorpilz (1 O'tdium albicans , Robin), 
Erlangen, 1877. 

Page 260 , note 3 : for ‘ Lebrbuch’ read 4 Lehrbuch. > 

Page 268 . Note 2 : see also Book I. p. 16. 

Page 260. Diatomacex. For a full account of this group, sec Pfitzcr, Die Bacil- 
lariaceen (DiatomaceSn), in vol. II of Schenk’s Ilandbuch der Botanik, part of the Scientific 
Encyclopedia published by Trewendt, Breslau, 1882. 

Page 281. Myxomycetes. See de Bary, Morph, und Physiol, der Pilze, I'lechten 
und Myxomyceten : — Cooke, Myxomycetes of Great Britain, 1877. 

It has already been pointed out that the nuclei of the myxoariHEba*. which coalesce to 
form the plasmodium remain distinct, p. 945; hence the plasmodiura can no longer be 
regarded as the equivalent of a zygospore, and the position of the Myxomycetes among the 
Zygomycetes is untenable. 

Page 264. Zygomycetes. Van Ticghem, Nouvelles Recherches sur les Mucori- 
necs, Ann. d. Sci. Nat., ser. 6, t. I : — Brefeld, Ueb. copulirende Pilze, Sitzbcr. d. Ges. 
naturforsch. Freunde, Berlin,* 1875, and Wcitcre Unters. ( Mortierdla ), ibid. 1876. In 
Mortierella the zygospore becomes enclosed in a capsule of pseudoparenchyma formed by 
a felt of hyphx. Brefeld classifies the Zygomycetes as follows 

1. Mucorini (inch Chxtocladiaceae) with simple zygospores ; conidia formed by free 

cell-formation or by abstriction. 

2. Mortierclleae; zygospore enclosed in a capsule; conidia formed by free cell- 

formation. 

3. Piptoccphalidear. ; zygospore possessing a temporary growing point and under- 

going division to form three cells, one of which is the functional zygospore ; 

conidia formed by division with subsequent rounding-off. 

There is some ground for believing that the Entomophthorex belong to the group of 
Zygomycetes (see note on p. 277). 

Page 271. Siphonex. Since conjugation of zoogonidia has been observed to take 
place in Botrydium and in Aeetabularia these plants ought to be included among the 
Zygosporex in accordance with the classification followed in this work. See itifriij note 
on the Fucoidex. 

Page 275. Parthenogenesis of Saprolegniex. De Bary concludes from his observa- 
tions (Bcitr. z. Morph oh u. Physiol, d. Pilze, IV, 1881) that, in Saprolegnia, Acblya , and 
Aphanomyces , even when anthcridia arc formed and come into contact with oogonia, no act 
of fertilisation takes place, that is, no part of the contents of the anthcridium enters the 
oogonium : hence the oospore is in all cases parthenogenetically produced. 

The following is a brief resume of the results of his observations on the oosporous 
Fungi: — 

1. Pythium; most of the protoplasm of the antheridium passes into the oosphcrc. 

2. Phytophtbora ; a small quantity of the antheridial protoplasm enters the oosphcrc. 

3. Peronospora ; probably the same process as in the preceding genus. 

4. Saprolegnia , Acblya , Aphanomyces ; the antheridial tube does not open into the 

oosphere, and no passage of substance can be observed. 

5 . Saprolegnia ( S . torulosa , asterophora ) ; the antheridia are closely applied to the 

oogonia, but no antheridial tubes, or only rudimentary ones, are developed. 

6. No antheridia developed. 

Page 278 , line 9 from bottom; for ‘ Bulbocrate' read ‘ Bulbochmte! 

Page 281 . Fucoidex. This group, like the Siphonex (see supra), includes forms 
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in which conjugation and others in which fertilisation takes place. To be consistent with 
the classification followed in this work, it ought to be divided into two sub-groups, one 
belonging to the Zygospore:*’, the other to the Oosporeae. Such a subdivision of the group, 
and this holds equally with regard to the Siphonea*, would be obviously unnatural : the 
most satisfactory mode of meeting the difficulty would be to combine the Zygosporeac and 
the Oosporex into one group. The following are the principal Orders of Fucoideae or 
Melanophycea’ (Falkenberg, Die Algen, Schenk’s Handbueh, vol. II) : — 

Order i. Fucacca*: reproduction by fertilisation; no zoogonidia. 

„ 2. Cutleriaceae : sexual cells both motile, the female being the larger ; asexual 

reproduction by zoogonidia. 

„ 3. Phacosporea! : sexual cells both motile at first, but the female cell comes 

to rest before fertilisation ; asexual reproduction by zoogonidia. (Fer- 
tilisation observed by Berthold in Scytosiphoti lommtarius and Ectocarpus 

a. Sphacclarieae. 

b. Ketocarpcsr ; Mesoglocaccx ; Desmarestiex. 

c. Phyl litis ; Scytosiphoti ; Colpomenia ; Asperococcus ; Punctaria . 

cl. Laminarieae. 

„ 4. Tiloptcridesc. 

„ £ (?) Dictyotacex. 

It is doubtful if the Dictyotacea* ought to be regarded as an Order of Fucoidex, for 
they differ from the other members of this group in that they produce tetraspores, and in that 
their anthcrozoids are not motile ; in these respects they approach the Floridex. Probably 
the Dictyotacea? constitute a group of Algae intermediate between the Fucoideae and the 
Floridea?. 

In an interesting paper on Hy drums (Akad. d. Wiss. Krakau, 1881) Rostafinski 
groups together the brown Alga.* as follows : — 

Pha?oidea\ 

1. Diatomacex. 

2. Syngenetica* ( Chromophyton , Uydrurus ); no sexual reproduction (agamic). 

3. Phxosporex ; 

(#/) agamx, 

(b) isogam a?, 

(c) oogamx. 

4. Cutleries. 

5. Fucaceae. 

6. Dictyotex. 

Page 330. Lichens. Further evidence in support of the composite nature of 
Lichens is afforded by the discovery that the fungal-element of the Lichen-genus Cora , 
Fries, is a basidiomycetous Fungus. (Contribuzioni alio studio del gencre Cora , Fries, del 
Dottore Oreste Mattirolo, Nuov. giom. hot. ital. 1881 ; also Bot. Zcitg. 1881, p. 865.) 

Au'idioinycetes. On He mi Ida •vastatrix, a fungus which most probably is to be 
referred to this group and which attacks Coffee plantations, see Marshall Ward, Q..J. M.S., 
1882. 

Page 336. Ustilaginex. Woronin, Beitrag zur Kenntniss der Ustilagineen ; being 
No. 5 of de Bary and Woronin’s Beitrage zur Morph, und Physiol, d. Pilzc, Frankfurt, 
1882. 

Page 341. Relationships of the groups of Fungi. A short account may be given 
here of de Bary’s views respecting the affinities of the groups of the higher Fungi as 
expressed in No. 4 of his Beitrage (1881). He considers that the Ascomycetes are con- 
nected with the Peronosporea? through the Erysiphea*: the Uredinea* form one of the 
more highly developed groups of the Ascomycetous series. Among Basidiomycctes the 
Trcmcllincac are closely connected with those Uredineac which have no A£cidium-form 
(c. #. Cbrysomyxa Abatis ), their basidia being regarded by de Bary as homologous with the 
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teleutospores of the Uredineae ; it appears probable that all the other Basidiomycetes have 
sprung from the Tremellineae. 

The Ustilagineae form a group of which it is difficult to trace the affinities. De Bary 
concludes, from a consideration of the simpler forms, such as Entyloma and Protomyces y that 
they are connected with the Chytridiaceae through Nowakowski’s Cladochytrieae. (Cohn, 
Beitrage, II.) 

Page 342. For a full account of the Muscineae, see Goebel in Schenk’s Handbuch, 
vol. II, 1882. 

Page 361. According to Goebel the embryo does not in all cases undergo the 
successive divisions which produce the octants: in some cases ( Sphwrocarpus , Targionia 
Mic helii) it is spindle-shaped, and undergoes at first only transverse divisions, four 
octant-cclls being subsequently formed at the upper end by longitudinal divisions. 

The relative differentiation of the sporogonium in the Hepaticac is tabulated by 
Leitgeb as follows : — 

1. The sporogonium consists of a parietal layer enclosing a mass of sporogenous 

cells : Riccia , Oxymitrn. 

2. Of the internal cells some are sporogenous, whereas others are sterile and act as 

deposits of nutriment : Corsinia , Riella , Nutotbylas. 

3. The sterile cells develope into elaters : most Hepaticac. 

4. The axis of the capsule is occupied by a mass of sterile cells, the columella, which 

is covered above by the sporogenous layer: Anthocerotew (some species of 

Notothylas ?). 

Page 356, note 1. On the development of the stomata of Marcbantia , see Ap- 
pendix, p. 948. 

Pago 380 , note 1. From the researches of Schmitz (Sitzber. d. niederrhein. Ges. 
zu Bonn, 1880) and of Zacharias (Bot. Zeitg. 1881, Ueb. die Spcrmatozoidcn) it appears 
that the old view held by Hofmeister and Schacht is the correct one, that, namely, the 
nucleus of the mother-cell does not disappear, but becomes actually converted into the 
antherozoid, forming the greater portion of it, the remainder being derived from the pro- 
toplasm of the mother-cell. 

Line 24 and 27 from top: for ( neck-cell’ read f canal-cell of the neck.’ 

Page 438. On the development of the spores, see p. 13. 

Page 444. Rhizocarpeae. The Female Prothallium. From the researches of 
Berggren (Om Azollas prothallium och embryo, Lunds Univ. Arsskrift, t. XVI ; also Bot. 
Zeitg. 1881, and Nature, vol. 25. p. 327), it appears that the prothallium of Azolla caroli - 
niana resembles that of Suliuma. On germination the endospore of the macrospore 
ruptures along its three edges, and the prothallium projects as a convex disc which is only 
one cell thick at its margin. Shortly after this a single archegonium is developed near the 
centre, consisting of four cells forming the ventral and of four forming the neck portion. 
Vhcn mature the prothallium is nearly hemispherical, and its cells contain chlorophyll. 
No mention is made of any canal-cell in the archegonium. 

After fertilisation the oospore is divided by a transverse (basal) wall, and then by a 
median and a transverse wall, so that it consists of octants. Each octant is then divided by 
a wall parallel to the first (basal) and thus flic embryo comes to consist of sixteen cells. 
The four uppermost cells (nearest to the neck of the archegonium) give rise to the foot; of 
the four lowermost cells, one becomes the apical cell of the stem, the second developes 
into a leaf-like organ, the third and fourth produce the scutiform leaf. It appears that 
these two organs can scarcely be regarded as true leaves; they seem to have the same 
morphological value as the stem. 

Page 401-486. The alternate pages should be headed * Dichotomeae ’ instead of 
* Filicinea;.* 

Page 404. Apical growth of Psilotum . It is only the subterranean shoots of 
Psilotum which have a single apical cell ; the subaerial shoots have a group of dividing cells 
at their apices (Strasburger, Bot. Zeitg. 1873). 
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Page 478. An interesting abnormality has been observed by Goebel (Bot. Zeitg. 
1879) in Isoetes lacustris and echitwspora. In a number of specimens no sporangia had been 
developed on the leaves, but in the place of each sporangium a young plant had been 
produced by budding. 

Page 481, seventh line from top. For ‘ delevopment * read ‘ development.* 

Page 406, line t 8 ; for ‘ Coens' read ‘Cocos.* 

Page 604. Cycadem. On the development of the pollen sacs and pollen of Zamia 
muricatn, see Trcub, Ann. d. Sci. Nat., ser. 6, t. XV, 1882. 

Page 600. Treub ( loc . cit.) makes the following statements with regard to the 
development of the ovule of Crratezamia longifolia . 

Each scale of the female cone bears two sporangiferous lobes, in each of which a 
macrosporangium is developed. 

The macrosporangium is visible in the lobe before any external differentiation can 
be detected. 

The macrosporangium subsequently consists of a group of sporogenous cells (arche- 
sporium ?), surrounded by an external parietal layer and by an internal parietal layer 
consisting of several rows of cells. 

Only one of the sporogenous cells gives rise to a macrospore. This cell undergoes 
no further division, but constitutes the single macrospore in the manner in which the 
embryo-sac is /generally formed. 

Shortly after the differentiation of the macrosporangium in the interior of the 
sporangiferous lobe, two new bodies are formed on the lobe superficially to the macro- 
sporangium ; these are the integument, and a mass of tissue immediately over the macro- 
sporangium which Treub terms the nucellus. 

The macrosporangium is, according to Treub, perfectly homologous with a 
sporangium o { Ophioglossum ; the nucellus and the integument are therefore new forma- 
tions which have no equivalents in Cryptogams. 

Pag© 619, line 6 from top. For ‘arc ’ read ‘ is.* 

On the Morphology of the female flower in the Coniform, see Eichlcr, Ucb. die 
weiblichen Bliithcn der Goniferen, in Monatsber. d. k. Akad. d. Wiss., Berlin, 1881. As 
the result of comparative investigation of the female flowers in the various families of 
Coniform, he concludes that in the Araucarieae, Abietinem, and Taxodinear each cone is a 
single flower, and that the scales of the cone are simple leaves (carpels) bearing ventral 
outgrowths (seminiferous scales) on which the ovules are borne; in the Cupressinem the 
ovules are borne in the axils of the carpcllary leaves; in the Taxinea* (inch Podocarpeae) 
the ovules are borne on the carpcllary leaves ( Microcuchys , Dacrydium , Podocarpus ), in 
Phyllocladus they arc axillary, in Taxus and Tarreya they are terminal on lateral shoots, no 
carpels being present. In these two genera each ovule represents a single female flower, 
whereas in all the other genera and families the female flower consists of an aggregate of 
carpels bearing ovules either directly or in their axils. Eichler considers that Taxus an3 
Torrrya lead from the Coniferae to the Gnetacem. 

Eichlcr finds that it is no longer possible to hold Celakovsky’s view that the ovule is 
either a modified leaf or a bud. (See note, p. 574, on the morphological significance of the 
placenta and of the ovule.) 

Page 620, top line; for ‘ Juniper us' read ‘ Thuja * 

Page 630. Gnetacese. On the Embryology of the Gnetaceac, see the paper by 
Bower, Q^J. M. S., 1882, of which the following is a brief abstract: — 

It appears to be the rule in Gnetum Gnemon (though not in all species of the genus) 
that the embryo is not developed until the seed begins to germinate : long tubular 
suspensors are however found in the endosperm of the ripe seed. On germination, em- 
bryos are formed at the apices of these suspensors, the mode of their development being 
similar to that which obtains in other Gymnosperms. It has been observed that the 
suspensors branch and that an embryo is developed at the extremity of each branch, 
a curious form of polyembryony : only one of the numerous embryos persists. 
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After the two cotyledons of the developing embryo have made their appearance, an 
outgrowth, similar to that in Wehvitschia , is produced at the base of the hypocotyledonary 
stem ; but in Gnetum its position relatively to the planes of the cotyledons is not fixed, as 
in Welwitjchia , the point at which it is formed being determined by the action of gravity, 
so that it always developcs on the under side of the hypocotyledonary stem. Further, the 
organ is larger in Gnetum , and the pith and vascular tissue take part in its formation, 
whereas in JVel<witschia it is derived only from the cortex and epidermis of the hypocoty- 
ledonary stem. 

In the three genera of Gnetaceae this organ is developed for the transfer of nutritive 
material from the seed to the seedling, the size of the organ being proportional to that of 
the seed and to the quantity of reserve material. 

Page 534 , line a from bottom (note). For ‘Eilcher’ read ‘Eichler.’ 

Page 574. The morphological significance of the ovule. See above, note on the 
female flowers of Coniferae. 

Page 578. On the development of the ovule of the Loranthaceae, see Treub, 
Observations sur les Loranthacees, Ann. d. Jardin botanique de Buitenzorg, vols. 2 and 3, 
Leyden, 1882. 

In Loranthus spharocarpus there is, according to Treub, a central placenta which 
bears three or four free lateral segments; these Treub regards as rudimentary ovules. In 
each of these several cmbryo-sac-mothcr-cells (archesporial cells) are formed, but only 
one embryo-sac becomes fully developed : it is developed from the uppermost cell of the 
row formed by the division of the mother-cell. 

In the Vtseum album and articulatum there is no placenta and no ovule, but the 
embryo-sacs are developed in the tissue of the carpels; in V. album there is a relation 
between the number and position of the embryo-sacs and the carpels, but in V. articulatum 
this is not the case. In spite of the degradation of these plants, the mother-cells of the 
embryo-sacs are nevertheless of hypodermal origin as in the other Angiosperms. 

Pago 578, line 8 from top. For ‘ maculatam' read f maculatum? 

In addition to the instances here given of deviation from what may be regarded as 
the typical mode of development of the embryo-sac, it may be added that in some cases it 
is the uppermost of the cells of the row formed by the division of the archesporial cell 
which devclopes into the embryo-sac, e. g . Loranthus splmrocarpus (Treub), Pyrethrum 
balsaminatum (Marshall Ward), Agraphis patula (Treub and Mellink). For the most 
recent researches on the embryo-sac of Angiosperms, see Guignard, Ann. d. Sci. Nat., 
s6r. 6, t. XIII, 1882. 

Page 580. The Syncrgida;. Strasburger (Bau und Wachsthum der Zellhaute, 
1882) considers that the longitudinal striation (Filiform Apparatus of Schacht) mentioned 
in the text is due to the presence of delicate canals which are filled with protoplasm; the 
body of the Filiform Apparatus is probably not protoplasmic. 

Page 588. Development of the Embryo. Sec also Rcch. embryol. sur VOrchis 
maculata , Monteverde in Melanges Biologiques de l’Acad. Imp. dc St. Petersbourg, 1880; 
Guignard, Rech, d’cmbryogSnie veggtale comparec, Ann. d. Sci. Nat., ser. 6, t. XII ; and 
Treub, Notes sur l’Embryon, le Sac embryonnaire, et I’Ovulc, in Ann. d. Jardin bot. de 
Buitenzorg, III, 1882. 

Treub’s researches refer to P tristylus grandis and to Avicertnia officinalis. With 
regard to the former he finds that the embryo remains at first rudimentary, whereas the 
suspensor grows rapidly and until it projects through the micropyle; it then branches, 
and the branches become closely applied to the placenta. At this time the embryo begins 
to develope, and there is no doubt that it does so in consequence of the supply of nutritive 
material which is absorbed from the placenta and transmitted by the suspensor. These 
observations confirm Treub’s previous conclusions as to the function of the suspensor in 
Orchids. 

With regard to Avicennia , Treub’s observations complete our knowledge of this 
curious * viviparous * plant long ago described by Griffith (On the development of the 
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ovulum in dvicennia, Trans. Linn. Soc. XX, 1846). In the first place Treub points out 
that the ovule is not naked, as Griffith states, but that it has an integument developed from 
the dermatogen in the same way as that described for Thesium rbracteatum by Warming 
(Ann. Sci. Nat., s6r. 6, t. V, 1878). One of the hypodermal cells enlarges and becomes 
the archesporial cell : this is divided transversely into two, the lower becoming the em- 
bryo-sac, the upper dividing transversely into two superposed tapetal cells. These tapetal 
cells are peculiar in that they persist for a considerable time, whereas in most plants they 
are absorbed before fertilisation. The embryo-sac enlarges, pushes aside the tapetal cells, 
and absorbs the epidermis at the micropylar end of the ovule. After fertilisation the 
embryo is soon to be seen surrounded by endosperm cells, and at one side of this group of 
cells there is a large cell, termed by Treub the ‘cotyloid’ cell, which elongates towards 
the apex of the embryo-sac. The endosperm now grows and projects through the micro- 
pyle, until finally it is quite external to the ovule. It still encloses the embryo, but as the 
embryo grows it ruptures the endosperm and the cotyledons project, the radicular end 
remaining inserted in the endosperm. During this time the cotyloid cell has enlarged, 
branching posteriorly in the ovule and penetrating anteriorly into the placenta. It acts as 
an absorptive organ, taking up nutritive substances from the ovule and the placenta, and 
transmitting them to the endosperm and thus also to the embryo. The radicular end of 
the embryo is peculiar in that it is destitute of a root-cap ; but previously to the dehiscence 
of the fruit adventitious roots, generally four in number, provided with root-caps, spring 
from it close to its attachment to the suspensor. 

Pago 603 . On the flowers of Orchids, see Gerard, Sur l’Homologie et le Diagrammc 
dcs Orchidees, Ann. d. Sci. Nat., ser. 6, t. VII. 

Page 611 . On the symmetry of the flower, see also Eichler, Ueb. einige zygo- 
morphe Bliithen, in Sitzber. d. Ges. naturf. Frcunde, Berlin, 1880. 

Page 629 . On abnormal fibro-vascular bundles in Monocotyledons, see Kny, Ueb. 
einige Abweichungen im Bau des Leitbiindels der Monokotyledoncn, Sitz. d. Bot. Ver. d. 
Prow Brandenburg, 1881. 

Page 650 , lines 5 and 9 from bottom ; for ‘ secondary cortex ’ read 1 secondary phloem.’ 

Page 653 . On abnormal modes of thickening of the stem in Dicotyledons, see 
Appendix, p. 950. 


BOOK III. 

Pag© 663 . The Condition of Aggregation of organised structures. In his work on 
the structure and growth of the cell-wall (Ueb. Bau und Wachsthum der Zellluiute, 1882), 
Strasburgcr dissents entirely from Nageli’s theory of the structure of organised bodies 
which is given in the text. A short account of his views may be given here. 

Strasburgcr comes to the conclusion that the forces which hold together the solid 
particles of organised bodies are of a chemical, as opposed to a physical, nature. The 
chemical molecules are not grouped together into micella* by cohesion, and the micella: 
are not connected into organised substance by attraction, as Nagel i would have it, but the 
molecules are linked together by chemical affinity, probably by means of multivalent atoms, 
into networks. Further, the water present is retained, according to Strasburgcr, in the 
intermolecular meshes by capillarity. The phenomenon of ‘ swelling-up ’ is therefore one 
of intermolecular capillarity, and depends upon the mobility of the molecules about their 
position of equilibrium. 

Nageli’s micellar theory received considerable support from his observations upon 
the appearances presented by organised bodies (starch-grains, cell-walls) when examined in 
polarised light. He found that they were doubly refractive, and further that their double 
refraction was not affected by tension, strain, etc. It was from these facts that he inferred 
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the crystalline form of the micellae. Strasburger argues that cell-walls and starch -grains 
consist of numerous lamellae which are in different states of tension and are at the same 
time very firmly adherent ; it is to these tensions that the optical phenomena in question 
are due, and it is not probable that any mechanical force applied could so far modify 
these tensions as to produce an alteration in the optical phenomena. 

Strasburger’s views may be summarised as follows: — 

1. Organised bodies consist of molecules of solid substance united by chemical 
affinity; the water which they contain is retained by intermolecular capillarity. 

2. The doubly refractive properties of starch-grains and cell-walls depend upon 
tensions. 

3. The directions of swelling-up arc determined by a certain anatomical structure. 

4. The increase in surface of organised bodies depends upon stretching and swclling- 
up (see also p. 946). 

5. Increase in thickness or in bulk depends upon apposition. 

Page 071. On the growth of artificial cells, see Traube, Kxperimente zur physikal- 
ischen Erkliirung der Bildung der Zellhaut, ihres Wachsthum durch Intussusception, und 
des Aufwartswachsens der Pflanzcn, Bot. Zcitg. 1875, p. 56 ; also Reinke, ibid., p.425, 
Bemerkungen liber das Wachsthum anorganischer Zellcn ; further, Sachs and Traube, 
Bot. Zcitg. 1878. 

Page 078. On Transpiration, see also Wiesner, Untersuch. ueb. den Einfluss des 
Lichtes und der strahlenden Warme auf die Tran sspirat ion der Pflanze, Sitzber. d. k. 
Akad. d. Wiss., Bd. LX XIV, Wien, 1876 (also Ann. d. Sci. Nat., s£r. 6, t. IV, 1876). 

I11 note 4, for * 1836 * read ‘ 1856.’ 

Page 088. On the absorption of water by roots, see Vesque, De rinfluencc des 
matiercs salines sur l’absorption de 1’eau par les racines, Ann. d. Sci. nat., scr. 6, t. IX, 
1880. 

Page 701. Absorption of substances by roots. Sec Phillips, On the Absorption of 
metallic oxides by plants, American Journal of Science, 1882. 

Page 703. On the chemistry of Assimilation, see Reinke, Theoretisches zur As- 
similationsproblem, Bot. Zcitg. 1882 : also Strasburger, Bau und Wachsthum der Zellhaute, 
p. 237. 

Page 707. It has been recently ascertained that glycogen occurs as a reserve- 
material in many plants : see Errera, L’Epiplasme des Ascomyc£tes et le Glycogenc des 
Vdg£taux, Brussels, 1H82. 

Page 712. From observations made on Euphorbia trigona , Treub comes to the 
conclusion that the laticiforous cells serve as channels for the transmission of amylaceous 
substances, and that the starch-grains which they contain are transitory (Ann. du Jardin 
bot. de Buitcnzorg, III, 1882). 

Page 734, paragraph 3, See also Holzner, Beob. ueb. die Schiitte der Kiefer oder 
Fohre und die Winterfiirbung immergriiner Gcwachse, Freising, 1877. 

Pago 737. On the action of light, see also Pauchon, Rech. sur lc r61e dc la lumiere 
dans la germination, Ann. d. Sci. Nat., scr. 6, t. X, i88t. 

Siemens, On the Influence of Electric Light upon Vegetation, Proc. Roy. Soc., 
1880 ; also, On some Applications of Electric Energy to Horticulture and Agriculture, 
London, 1881. 

Page 739 (2). See also Famintzin, De l’influcnce de l'intcnsite de la lumiere sur 
la decomposition de 1’acide carbonique par les plantes, Ann. d. Sci. Nat., s6r. 6, t. X, 1880. 

Page 744 (b), Famintzin, La decomposition de 1’acide carbonique par les plantes 
exposees & la lumiere artificielle, Ann. d. Sci. Nat., ser. 6, t. X ; Deherain et Maquenne, 
Sur la decomposition de l’acide carbonique par les feuilles edairces par des lumicres artili- 
cielles, Ann. d. Sci. Nat., ser. 6, t. IX (1880). 

Page 701. On the function of chlorophyll, see further, Bonnier, Du r61e physiol- 
ogique de la chlorophylle, Ann. d. Sci. Nat., ser. 6, t. X, 1881 ; and Hansen, Geschichte der 
Assimilation und Chlorophyllfunction, Arb. d. bot. Inst, in Wurzburg, II, 1882. 
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Page 708. On the action of electrical currents on growing roots, see Elfving, Ueb. 
eine Wirkung des galvanischcn Stromes auf wachsende Wurzeln, Bot. Zcitg., 1882. 

He finds that when a root is placed vertically between two electrodes, it curves 
towards the positive electrode ; the curvature is evidently connected with the growth of 
the root, the current effecting a retardation. Continued exposure to the action of the 
current causes death. 

When the current is parallel to the long axis of the root it appears to retard growth 
when it runs in opposition to the direction of growth. 

Experiments with negatively lieliotropic roots ( Brassica oleracea, Lepidium sativum , 
Sinapis alba), the direction of the current being transverse, showed that they curved 
towards the negative electrode. 

Page 769. For further researches on Dion&a, see Burdon- Sanderson, On the Elec- 
tromotive Properties of the leaf of Dianna, Phil. Trans. 1882. 

Page 787. Turgidity does not necessarily cause an elongation of cells; it may also 
cause them to become shorter and thicker. See de Vries, Ueb. Verkfirzung pflanzlicher 
Zellen durch Aufnahme von Wasser, Bot. Zcitg., 1879. 

Page 812. Light has some influence on the development of root-hairs on the 
gemma; of Marchantia; see Zimmerrnann, Ueb. die Eimvirkung des Lichtes auf den 
Marchanticnthallus, Arb. d. bot. Inst, in Wurzburg, 11, 1882. 

Page 81*5. On the growth in length of stems, see further, Wiesner, Die undulirende 
Nutation der Internodien, Sitzber. d. k. k. Akad. d. Wiss. in Wien, LXXVII, 1878. 

Page 839. Geotropism. See F. Darwin, On the Connexion between Geotropism 
and Growth, Journ. Linn. Soc., vol. XIX, 1882. 

Page 854, note 2. Further, F. Darwin, On the power possessed by leaves of 
placing themselves at right angles to the direction of incident light, Journ. Linn. Soc., 
XVIII, t 88 1 . 

Pago 862. On Climbing Plants, sec Schwendener, Ueb. das Winden der Schling- 
pflanzen, Monatsber. d. Berl. Akad., 1881 ; Sachs, Notiz liber Schlingpflanzen, Arb. d. bot. 
Inst, in Wfirzburg, II, 1882. 

Page 805. See de Vries, Over dc Bewegingen der Ranken van Sicyos , Amsterdam, 

1880. 

Treub has recently drawn attention to a new group of climbing plants, those namely 
which climb by means of irritable hooks, the effect of irritation being an increase in the 
thickness of the hook. Such are Uncariu (Rubiaccx), Ancistroc/adus (Dipterocarpex), 
Artabotrys (Anonacex), Luvunya (Aurantiaccx), Olax (Olacincac), Huyonia (Linacex), 
Strycbnos (Loganiacex). This group is not to be confounded with Darwin’s ‘ hook- 
climbers,’ the hooks of which are not irritable. (Treub, Sur une nouvelle categoric de 
plantes grimpantes, Ann. du Jardin botanique dc Buitenzorg, III, 1882.) 

Page 871, Sect. 26. Vochting, Die Bewegungen der Blfithen und Fruchte, Bonn, 

J882. 

Page 920, Sect. 35. For some interesting observations as to the relation between 
plants and external conditions, made on the Flora of Scandinavia, see Bonnier et Flahault, 
Observations sur les Modifications des Vegetuux suivant les conditions physiques du milieu, 
Ann. Sci. Nat. ser. 6, t. VII, 1879, and Flahault, ibid. t. IX, 1880. 
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Abies, pp. 5M, 518, 939 
(Figs. 350, 353). 

Abietineae, 518, 527, 958. 
Abortion, 219, 602. 
Absorption, 700, 961. 
Absorption of assimilated 
substances, 720. 

Acaciesc, 557. 

Acalypheac, 661. 

Acanthaceae, 65, 68, 658. 
Acanthus, 648. 

Acarospora, 325. 
Accumulation of characters, 
924. 

Acer, 535, 615, 617, 651, 940. 
Acerinese, 6io. 

Acetabularia, 65, 272, 955. 
Achenium, 615. 

Achillaea, 932. 

Achlya, 12, 273, 902, 955 
(Figs. 8, 9, 178, 179). 
Achromatin, 18, 946. 
Aconitum, 495, 538,607,608. 
Acorn, 614. 

Acorus, 1 15 (Fig. 96). 
Acrocarpous Mosses, 370. 
Aeropetal order of develop- 
ment, 170. 

Acrosticheac, 441. 
Acrostichum, 435, 436, 441. 
Actinomorphic, 954. 
Actinostrobeae, 527. 

Acyclic, 600, 641. 
Adaptation, 934. 

Adhesion, 219, 546. 
Adiantum, 182, 424, 425,427, 
442, 915 (Figs. 293, 295- 
297). 

Adventitious formations, 1 7 1 , 
173. 433t 639. 953- 
iEcidiomycetes, 244, 330, 
956 . 

Auddium, 330. 

AEsculineac, 660. 

AEsculus, 644 (Fig. 455). 
AEthalium, 262, 841. 
Agapanthus, 22. 

Agaricus, 336 (Figs. 225, 226, 
227). 


Agave, 556, 594, 621. 
Aggregate, 658. 

Agrimonia, 578. 

Agrostemma, 579. 

Ailanthus, 652 (Fig. 97). 
Akebia, 534 (Fig. 357). 
Albumen, 492. 

Albuminoids, 706. 
Albuminous, 587. 

Alchemilla, 568, 677. 
Aldrovanda, 649. 

Alepyrum, 542. 

Aletris, 127. 

Aleurone, 51, 947. 

Alga:, 231, 241. 

Alisma, 589, 626, 952. 
Alismaceac, 626, 631 (Fig. 
430- 

Alliaria, 574. 

Allionia, 581. 

Allium, 17, 88, 58r, 623, 624, 
629, 939 (Figs, 15 , 73 ) 424, 

425)- 

Almond, 637. 

Alnus, 555, 652. 

Aloe, 127,193, 629 (Fig. 152). 
Aloineae, 136, 496. 
Alopecurus, 596. 

Alpinia, 625 (Fig. 429). 
Alsinea-, 661. 

Alternate arrangement, 189, 
601. 

Alternation of generations, 
222, 225, 233, 239, 342, 
385, 486, 488, 899, 903, 
954- 

Althaia, 546, 552, 553 (Figs. 
42, 83, 360, 377, 378, 

381). 

Aluminium, 695. 

Alyssum, 544. 

Amaranthaceae, 137,645,661. 
Amaranthus, 653, 950. 
Amentiferse, 656. 
Amidoplasts, 948. 

Ammonia, 698. 
Amoeboid-movement of pro- 
toplasm, 39, 263. 
Amorpha, 599. 
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Amorphophallus, 183, 624 
(Fig. 141). 

Ampelideac, 644, 660, 866. 
Ampelopsis, 217, 865, 866. 
Amphigastria, 356. 
Amphithecium, 375. 
Amygdaleae, 651, 662. 
Amyrideae, 660. 
Anacardiaceae, 644, 660 (Fig. 
452). 

Anagallis, 565, 616 (Fig. 392). 
Ananasinear, 632. 

Anaptychia, 323, 325 (Figs. 
218, 219). 

Anatropous, 492, 570. 
Anchusa, 598. 

Ancistrocladus, 962. 
Andreaca, 373, 374 (Fig. 255). 
Andreaeaceae, 361, 380. 
Andrcecium, 490, 541. 
Androgonidium, 279. 
Aneimia, 105, 421, 423, 440 
(Fig. 106). 

Anemone, 640. 
Anemophilous, 494, 908. 
Ancura, 346, 356, 358, 952. 
Angiocarpous, 306. 
Angiocarpous Lichens, 323. 
Angiopteris, 93, 416 (Figs. 
291, 292). 

Angiosperms, 497, 534- 
Angle of divergence, 1 8 8, 20 1. 
Anisocarpae, 655, 658. 
Anisostcmonous, 641. 

Annual ring, 132,652, 813. 
Annular vessels, 22, 23. 
Annulus, 338, 381, 435. 
Anona, 557. 

Anonaceac, 657, 962. 
Anterior, 600. 

Anthela, 596. 

Anthemis, 599. 

Anther, 491, 541 (Figs. 360, 
382). 

Anthericum, 577. 
Antheridium, 234, 268, 290, 
299» 343, 349, 3»7, 394, 
41 1, 423, 442, 469, 487, 
515, 899 (Figs. 177, 179, 
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l8l, I83, I85, 187, I89, 

190, 198, 200, 201, 235, 

2 37 , 2 39 > 241, 253, 254, 

262, 275, 287, 293, 294, 

309. 329. 331)- 

Anthcrozoid, 224, 234, 268, 
271, 278, 279, 282, 2 87, 
290, 298, 371, 386, 394, 
4 2 4 . 443 ) 446 ) 4 6 9 > 5 2 4 ) 
897 (Figs. 2, 177,183,185, 
187, 188, 198, 241, 254, 
262, 275, 293, 309, 310, 
3 M> 329 )- 

Anthoceros, 346, 352 (Figs. 

23") 238). 

Anthoceroteac, 352. 
Anthophore, 539 (Fig. 361). 
Anthurium, 586, 953. 
Antipetalous, 601. 

Antipodal cells, 486, 580. 
Antirrhinum, 616. 

Antisepal ous, 601. 

Apetalous, 641.^ 

Apex, 158, 175, 202. 
Aphanocyclac, 655, 657. 
Aphanomyces, 273,955. 
Apheliotropic, 756. 

Apical cell, 137, 173, 289, 

293 , 347 , 397 , 401, M 3 , 

429, 449, 450, 463, 464, 

476 (Figs. 108-112, 115, 
116, j 20, 121, 138, 142, 

192, 244, 279, 283, 284, 

315 *, 33 6 )- 
Apical growth, 158. 
Apocynaceae, 86, 658, 949. 
Apogamy, 425. 

Apopetalous, 5 39. 
Apophyllous, 539. 

Apophysis, 385 (Fig. 273). 
Aposepalous, 539. 
Apostasiacex, 633. 
Apostrophe, 750. 
Apothecium, 308, 323 (Figs. 

7,205,218,219). 

Apple, 614, 662. 

Aqueous Tissue, 98, 123. 
Aquifoliaccx, 660. 

Aquilegia, 570, 643 (Figs. 

396 , 4 5 1 ) • 

Aralia, 654. 

Araliacex, 661. 

Araucaria, 507, 509, 5 10, 513, 
518,527. 

Araucaricac, 507, 527, 958. 
Arbutus, 543 (Fig. 527). 
Arc-indicator, 826(Fig.48o). 
Arceuthos, 517. 
Archegoniurn, 343, 349, 353, 
355 , 357 , 359 , 372, 386, 
394 , 4 li, 423, 425 , 445 , 
446, 462, 471, 487, 498, 
506, 521, 529, 582, 899 
(Figs. 237, 240, 243, 256, 


263, 276, 287, 294, 295, 
312, 33 °, 33 i, 354 , 355 ). 
Archesporium, 375, 388, 437, 
49 i, 577 (Figs. 305, 337 ). 
Archetype, 941. 

Archidium, 374, 380 (Figs. 

264, 265). 

Archieracium, 926. 

Arcyria, 262. 

Areca-Palm, 587. 

Aril, 495, 513, 570, 618 (Fig. 
348 ). 

Aristolochia, 862, 910, 940 
(Figs. 488, 489). 
Aristolochiacex, 656. 
Aroidex, 65, 84, 93, 120, 540, 
63T, 952. 

Artabotrys, 962. 

Arthrotaxis, 518, 527. 
Artocarpeae, 656. 

Arum, 583, 585, 933. 
Asarincae, 656. 

Asarum, 535 (Fig. 358). 
Ascent of water, 685. 
Asclepiadeae, 85, 658, 906, 

911,949. 

Ascobolus, 238, 309 (Fig. 
204). 

Ascogcnous hyphx, 308, 310, 
315, 324 (Fig. 204). 
Ascogonium, 309, 329, 898 
(Figs. 204, 206, 207, 208). 
Ascomycetes, 244, 308,899. 
Ascospore, 238, 308 (Figs. 

7, 205, 207, 208, 209, 219). 
Ascus, 226, 238, 308, 310 
(Figs. 7, 205,207, 208, 209, 
219). 

Asexual generation, 225,227, 
2 39, 34li35i, 387, 395,4i2, 
416, 425,447,4^2,472,488, 
899. 

Asexual propagation, 348. 
Asexual reproduction, 223. 
Ashes, 36, 695. 

Asparagin, 7 1 8. 

Aspergillus, 312 (Fig. 208). 
Aspcrifolieap, 599. 
Asphodelus, 552. 

Aspicilia, 323. 

Aspidieae, 442. 

Aspidium, 426, 427, 4 29, 432, 
433 , 435 , 43 6 , 437 , 438 , 439 , 
442, 9M5 (Figs. 302, 303, 
304, 306). 

Asplenieac, 422. 

Asplcnium, 144, 172,437,442, 
915, 953 (Figs. 1 12, 127, 
305 )- 

Assimilation, 703, 729, 737, 
961. 

Astcrophyllites, 408. 
Astragalus, 56 r, 615. 
Astrapaea, 555. 


Astrocarpus, 609. 

Atclanthera, 605. 

Atherurus, 622. 

Atom, 664. 

Atrichum, 367, 368. 

Atriplex, 653. 

Aurantiaceae, 646, 660, 962. 
Automatic periodic move- 
ments, 880, 895. 

Autumnal wood, 813. 
Auxanometer, 827 (Fig. 481). 
Auxosporc, 261. 

Avicennia, 652, 959. 
Avicennieae, 950. 

Axial cylinder, 1x5, 127, 133, 
468. 

Axial longitudinal section, 
203. 

Axial placentation, 563, 564. 
Axil, 175,489- 
Axillary placentation, 574. 
Axillary shoots, 17 5, 489. 
Axis of growth, 159, 203, 
206. 

Azolla, 448, 450, 4 52, 454, 
46°, 957. 

Bacillarieae, 260. 

Bacillus, 246, 249, 954. 
Bacteria, 249,954 (Fig. 166). 
Bactrospora, 325. 

Bxomyces, 324. 
Balanophora, 634. 
Balanophorex, 24 1, 576, 648, 
649, 662. 

Balsaminex, 660. 

Bambusa, 603 (Fig. 409). 
Bangiaceac, 289. 

Barbula, 3^4, 368, 385 (Fig. 
250). 

Bark, 106, 108. 

Bartramia, 362, 365. 

Basal growth, 159. 

Basal wall, 351. 

Base, 177, 202. 
Basidiomycetes, 240, 244, 

305, 335 , 95 ^>. 

Basidiosporc, 15, 336 (Fig. 
227). 

Basidium, 15, 330, 333, 336, 
338 (Fig. 227). 

Bassorin, 705. 

Bast, 1 1 1. 

Batrachospermum, 289. 
Bauhinia, 653, 950. 

Beech, 587. 

Beggiatoa, 249. 

Begonia, 204, 209, 639, 907, 
925, 954 . 

Begoniaceae, 137,662. 
Benthamia, 614. 

Berbcridcae, 646, 657. 
Berberis, 332, 595, 647, 88o, 
883, 894. 
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Berry, 526,616. 

Betula, 652. 

Betulaceae, 656. 

BicoUateral bundles, 949. 
Bicornes, 659. „ 

Bifurcation, 177. 

Bignonia, 137,617, 652, 866, 
936 , 939 - 

Bignoniaceae, 136, 658, 950. 
Bilateral structure, 204, 854, 
954 - 

Bilirubin, 758. 

Biota, 514, 527. 

Biscutella, 570 (Fig. 396). 
Bisexual, 490. 

Bixaceie, 659. 

Blackberry, 614. 

Blasia, 347, 348, 352, 357- 
Blastocolla, 10 1. 

Bleeding of wood, 677. 
Bloom on plants, 99. 

Boletus, 96, 336 (Fig. 79). 
Boragineae, 597, 658. 

Borago, 598. 

Bordered pits, 23, 25, 531, 
533 , 946 . 

Bostryehoid cyme, 180 (Fig. 
t 36). 

Bostryehoid dichotomy, 178 
(Fig. 134)- 

Bostryx, 180, 597. 
Botrychium, 410 (Figs. 287, 
289). 

Botrydium, 271, 955. 
Botrytis, 311. 

Bract, 214, 540, 595* 
Bracteole, 297, 304, 4 9 595- 
Branch system, 176. 
Branching, 169. 

Branching of leaves, 182. 
Branching of roots, 181. 
Branching of stem, 184. 
Brasenia, 575. 

Brassica, 599, 605, 921. 
Brizula, 542. 

Bromeliacex, 632. 

Bromine, 695. 

Broussonetia, 907, 

Bryaccx, 377 , 381. 

Bryineae, 362. 

Bryonia, 867, 939 (Fig. 487). 
Bryophyllum, 173, 640. 
Bryopsis, 272. 

Bryum, 96, 365, 375, 377 
(Figs. 80, 249). 

Bud, 1 56. 

Bud-rudiment, 297. 
Bud-variation, 921. 

Bulb, 216, 620, 623, 704, 707, 
715 (Figs. 421, 424, 470). 
Bulbil, 172, 223, 228, 295, 368, 
622 (Fig. 250). 
Bulbocapnos, 634, 
Bulbocharte, 278. 


Bundle-sheath, 112, 113, 1 15, 
123, 124, 167, 407, 434, 
468, 483. 

Burmanniaceae, 633. 
Burseraceac, 660. 

Butomacea:, 601. 

Butomus, 558, 568, 606, 626 
(Fig. 382). 

Buxbaumia, 366, 369. 
Buxineac, 661. 

Byttncriaceae, 661. 

Cabombeac, 657. 

Cactaceac, 638, 662. 

Cactus, 216, 935. 

Gacoma, 331. 

Ca*salpinear, 633, 662. 
Ciesalpinia, 133. 

Oaladium, 87. 

Calamites, 404, 405, 407. 
Calamodendron, 407, 408. 
Calamostachys, 408. 

Calamus, 629, 938. 

Calanthe, 567 (Fig. 394). 
Calcium, 699. 

Calcium carbonate, 65, 948. 
Calcium oxalate, 52, 65, 88, 
699. 

Calcium sulphate, 699. 
Calendula, 876, 

Callistemon, 651, 949. 
Callithamnion, 51. 
Callitrichaccac, 662. 
Callitriche, 570. 

Callitris, 517, 527 (Fig. 352). 
Callus, 810. 

Calodracon, 114, 129. 
Calothamnus, 544 (Fig. 365). 
Calycanthaccae, 662. 
Calycanthus, 651. 

Calycereae, 659. 

Calyciilorae, 655, 662. 
Calycium, 324. 

Calyculus, 540. 

Calypogeia, 359. 

Calyptra, 344, 350, 351, 355, 
374 (Figs. 236, 240, 246, 
257, 263-266). 
Galyptrogcn, 489, 500, 952. 
Calyx, 538. 

Cambiform tissue, 119. 
Cambium, 82, no, 1 12, 129, 
810, 813. 

Cambium-ring, 127, 130, 133, 
531, 650. 

Camellia, 20, 651 (Fig. 16). 
Campanula, 642, 812 (Figs. 
44 *. 

Campanulaceae, 86, 642, 658. 
Campy lot ropous, 492, 570. 
Canal of the style, 568 (Fig. 
395). 

Canal-cell, 350, 374, 386, 
395. 41*. 424, 446, 472, 


9 r >5 

499 , 521 , 522, 582, 957 
(Figs. 236, 256, 294, 312, 
33 i)- 

Candollea, 646 (Fig. 461). 

Canna, 61,625,586^^.625). 

Cannabineae, 535, 656. 

Cannabis, 101. 

Cannaceae, 99, 628, 632,952 
(Fig. 430). 

Caoutchouc, 712. 

Cap-cell of root, 145 (Figs. 

1 12, 120, 1 21, 138). 

Capillary attraction, 684. 

Capillitiuin, 262 (Fig. 172). 

Capitulum, 596 (Fig. 126). 

Capparideae, 604, 657 (Fig. 
412). 

Caprifoliaccae, 642, 658 (Fig. 
440). 

Capsella, 590, 591 (Fig. 403). 

Capsule, 616. 

Capsule, of Muscineae, 344, 
374, 375 (Figs. 236-240, 
246, 263-268). 

Caragana, 652. 

Carbo-hydrates, 715. 

Carbon, 695, 696. 

Carbon dioxide, 696, 703, 
^ 721, 737 , 744 - 

Carcerulus, 614. 

Carex, 577, 600. 

Carica, 87, 708. 

Carpel, 214, 490, 516, 518, 
526, 536, 559, 567, 574. 

Carpellary leaf, 493, 517. 

Carpinus, 555, 651. 

Carpogonium, 236, 285, 286, 
287, 290, 297, 301, 3 ° 7 , 

309, 3^2, 313, 314, 329, 

897 (Figs. 164, 188, 189, 

190, 497, 199, 202, 204, 

207, 208). 

Carpophore, 615. 

Carpospore, 236, 305. 

Carposporeae, 236, 244, 284. 

Caruncle, 618. 

Caryolopha, 598. 

Caryophylleae, 563, 570, 66 r, 
9 T 5 - 

Caryophyllineac, 645, 661. 

Caryopsis, 615, 617. 

Cassia, 561, 615. 

Castanea, 651. 

Casuarina, 1 16, 491, 541, 651. 

Casuarinetr, 662. 

Catalpa, 588, 648. 

Cataphyllary leave-:, 186,213, 
509, 622, 623, 624, 640. 

Catharinca, 199, 217. 

Caulcrpa, 158, 161,272,947. 

Cauline bundles, 137, 156, 
440, 468, 482, 483, G30, 
649, 950. 

Caulome, 150, 151, 157, 
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Caulotretus, 156. 

Cedrelea:, 660. 

Cedrus, 509, 527. 
Celastrineae, 645, 660. 
Celastrus, 602,651 (Fig. 407). 
Cell, Primordial, 5. 

Cell, Structure of, 1. 
Cell-division, 8, 12, 16, 275, 
762. 

Cell-families, 81, 246. 
Cell-multiplication, 8. 
Cell-nucleus, 2, 17, 37, 44, 
945 , 947 - 
Cell-plate, 13, 18. 

Cell-sap, 2, 62. 

Cell-wall, 1, 19, 946. 

Cells, Bundle of, 81. 

Cells, Filament of, 80. 

Cells, Formation of, 7, 945. 
Cells, Formation of the com- 
mon wall of, 72. 

Cells, Forms of, 5, 809. 
Cells, Group of, Si. 

Cells, Layers of, 80. 

Cellular tissue, t. 

Cellulose, 2, 19, 708. 

Celosia, 566, 645 (Fig. 460). 
Olridesr, 656. 

Centaurea, 883, 892. 
Centradenia, 543, 548, 651, 
(Fig. 364). 

Central cell, 350, 353, 374, 
3 « 6 , 395 , 4 1 1 » 424, 446 , 
472, 506, 521 (Figs. 294, 
312, 330 - 

Ccntranthus, 643 (Fig. 443). 
Centrifugal force, action of, 
772. 

Centrifugal inflorcsencc,596. 
Centripetal infloresence,595. 
Centrolepidaceac, 542. 
Ccntrolepis, 542. 
Centrospermnc,63o,655, 661. 
Cephalanthera, 908. 
Cephalotaxus, 66, 518, 527. 
Cephalotus, 640. 

Ceramieae, 72, 290. 
Ceramium, 51. 

Cerastium, 563, 564, 616. 
Ceratonia, 20, 35, 36, 73, 
6 52 (Fig. 39). 
Ceratophyllaceae, 662. 
Ccratophyllum, 49, 98, 586, 
648, 649. 

Ceratopteris, 164, 422, 430, 
433 , 4 3 fi * 

Ceratozamia, 501, 503, 506, 
958 (Fig. 345). 

Cercis, 185, 208 (Fig. 155). 
Cereus, 99, 203, 216. 
Cerintho, 598. 

Ceropegia, 89. 

Cerorchidea:, 557. 

Ceroxylon, 99. 


Chaetocladium, 267, 955. 

Chart omorpha, 281. 

Chartophora, 281. 

Chalaza, 492, 571. 

Charnsecyparis, 527. 

Chantransia, 290. 

Chara, 152, 293, 902 (Figs. 
1T5, 191-197, 203). 

Characea;, 18, 39, 174, 237, 
238, 241, 244, 292, 897, 
898, 899, 900, 905. 

Characteristic forms of 
leaves and shoots, 211. 

Chavica, 137, 951. 

Cheiranthus, 578, 652. 

Chelidonium, 87, 618, 647 
(Fig. 464). 

Chemical processes, 695. 

Chenopodiacea*, 574, 66 r. 

Chenopodium, 536, 577, 578, 

87> ( rig. 359)- 

Chimonanthus,634(Fig,4 34). 

Chlaetucese, 660. 

Chlamydococcus, 253. 

Chlamydomonas, 246, 253, 
947 . 

Chlorantheac, 656. 

Chlorine, 695, 699. 

Chlorofucine, 765. 

Chlorophyll, 45, 58, 241, 
244, 260, 282, 289, 691, 
6 97 , 703, 729, 737 , 743 , 
757 , 961. 

Chlorophyll band, 10, t6. 

Chlorophyll-bodies, 6,45,48, 
257 (Figs. 3, 5, 43 , 170, 
171). 

Chlorophyll -granules, 6, 9, 
10, 17, 46, 47, 747, 750, 
947 (Figs. 5, 44, 45). 

Chlorophyll spectrum, 759 
(Fig. 476). 

Chlorophyllan, 758. 

Chlorophytum,756, 833, 838. 

Chordarieac, 283. 

Chorisis, 605. 

Chromatin, 18, 945. 

Chroococcaccae, 81, 246, 318, 
328. 

Chroolepus, 329, 947. 

Chr>sobalanear, 662. 

Chrysodium, 433. 

Chrysomyxa, 331, 956. 

Chrysosplenium, 601. 

Chrysotannin, 767. 

Chytridineae, 251, 264, 957. 

Cibotium. 428, 435, 441. 

Cichoriaceac, 86, 93, 883, 
949 * 

Cichorium, 23, 883 (Fig. 20). 

Cicinal dichotomy, 178. 

Cicinus, 180, 597. 

Cilia, 4, 39, 234. 

Cilia in Mosses, 381, 383. 


Cinnamomum,643(Fig,45o). 
Circiea, 646. 

Circulation of protoplasm, 3 9. 
Circumnutation, 855. 
Cirsium, 93, 640. 

Cissus, 653, 866. 

Cistineae, 659. 

Citrus, 91, 593,6 i 6, 646 (Fig. 
462). 

Cladonia, 319, 327 (Fig. 222). 
Cladophora, 15, 281, 946. 
Clathratc cells, 89. 

Claviceps, 316, 317. 

Claw, 539. 

Clcistogamous flowers, 908. 
Clematis, 174, 54°, 554 , 93 6 
(Fig. 129). 

Clconie, 605. 

Climbing plants, 861, 936, 
962. 

Climbing stems, 217, 862. 
Clinostat, 773. 

Closed bundles, no, 439, 
629. 

Closing-cells, 446. 
Closterium, 260. 

Clusiaceae, 660. 

Coalescence of cells, 75. 
Cobira, 569, 936. 

Cobalt, 695. 

Cocconema, 261. 

Cocculus, 135, 653. 
Cocoa-nut, 585. 

Cocos, 495. 

Coefficients of Heat Expan- 
sion, 727. 

Coe last rum, 70. 

Cartebogyne, 593, 902. 
Gartoblastac, 24 f, 269. 
Ccenobium, 252, 278 (Figs. 
167-169). 

Cmnogonium, 323, 329. 
Coffea, 101, 586. 
Coffee-berry, 587. 

Cohesion, 222, 538, 601. 
Colchicum, 584, 622, 627, 
939 (Fig. 422). 
Coleocharte, 236, 237, 240, 
288, 897, 900 (Figs. 186, 

187). 

Colcnchsetcx, 237, 241, 244, 
286, 290, 306, 329, 904. 
Coleorhiza, 165, 588, 619 
^ (Figs. £23, 124). 
Coleosporium, 331. 

Coleus, 652. 

Collateral bundles, 112. 
Collateral chorisis, 605. 
CoIIema, 319, 328, 329 (Fig. 
212). 

Collcmacear, 318. 
Collenchyma, 24, 95, 98, 123, 
6 53 (I'ig- ai)- 
Colletcr, 101. 
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Colloids, 670. 

Colouring-matters, 764. 

Colours of leaves in autumn, 
734 . 

Columella, 345, 353, 354, 
375 , 379 , 3 *o, 3 «i, 44 * 
(Figs. 238, 266, 273). 

Col'imnea,2 2 2, 548,611 (Fig. 
416). 

Columnifera;, 661. 

Colymbea, 507. 

Comhined hybrids, 919. 

Combretacea?, 662. 

Comesperma, 653. 

Commclynaeear, 88, 632 (Fig. 

86 ). 

Common bundles, 155, 156, 
407, 496, 530, 629, 649. 

Composite, 93, 176, 194, 538, 

5 1 °, 555 , 57 i, 572 , 575 , 

587, 596, 609, 613, 615, 

617, 639, 643, 659, 871, 

872, 910 (Fig. 445). 

Compound glands, 86, 91 
(Figs. 76, 77). 

Concentric bundles, 112. 

Conceptacle, 281 (Fig. 184). 

Concussion, Irritability to, 
881. 

Condition of aggregation of 
oiganised structures, 663, 
960. 

Conducting tissue for the 
assimilated food-materials, 
711 - 

Conducting tissue of style, 
568. 

Conduction of heat, 725. 

Cone of growth, 138. 

Conl’ervacea 1 , 281, 329. 

Conidia, 223, 2*39. 

Coniferx, 93, 104, 111, 113, 
J30, J 58, 174, 18 r, 185, 
204, 2T3, 486, 490, 497, 
507 , 53 i, 743 , 95 «- 

Conjugate, 9, 244, 252, 257, 
897. 

Conjugation, 8, 9, 224, 234, 
253 , 257, 261, 264, 897. 

Connective, 491, 541 (Figs. 
364, 490). 

Contortx, 658. 

Contractile organs, 756, 888. 

Convallaria, 579, 634. 

Convolvulacex, 88, 555, 658, 
915 . 

Convolvulus, 217, 862. 

Copper, 695. 

Corallina, 65. 

Corallinea*, 289. 

Corallorhiza, 16 4, 214, 241, 
620, 697. 

Cordylinc, 129. 

Coriaria, 187 (Fig. 144). 


Cork, 30, 3j, 95, 106, 415, 
949 (Fig. 9 °)- 

Cork-cambium, 82, 107 (Fig. 
90). 

Corm, 622 (Figs. 422, 423). 
Cormophytes, 151. 

Oornus, 540. 

Cornaceai, 661. 

Corolla, 538. 

Corolliflorse, 632, 655, 662. 
Corona, 2 t 3, 539 (Fig. 361). 
Corpusculurn, 486,498, 521. 
Corrosion by roots, 702. 
Cortex, 96, 108, 120, 289, 

293- 

Cortical sheath, 650. 
Coryanthes, 677. 

Corydalis, 535, 604,618, 906. 
Cosmarium, 259 (Fig. 17 1). 
Costus, 623, 625. 

Cotyledon, 214, 426, 447, 
448, 473, 499, 501, 507, 
587, 6r8, 634, 704, 715. 
Crambo, 544. 

Oassulacex, T04, 194, 645, 
652, 66 r , 949. 

Crata*gus, 108, 651. 
Craterospermum, 257. 
Cremocarp, 615. 

Crest, 618. 

Crinum, 98, 586, 618, 628. 
Critenchyina, 123. 

Crocus, 568, 580, 581, 583, 
872, 875 (Fig. 423/. 
Crown, 299. 

Crozophora, 644 (Fig. 453). 
Crucibulmn, 71, 339 (Figs. 

55, 228, 229, 230). 
Crucifcrx, 104, 494, 573, 

574 , 57 *, 595 , 599 , 6o >l, 
607, 616, 633, 634, 637, 
641, 647, 657 (Fig. 413). 
Crucillora*, 646, 655, 657. 
Crustaceous Lichens, 319. 
Cryptomeria, 527. 
Crystalloids, 49, 55, 289, 
(> 7 h 947 , 948 (Fig. 48). 
Crystals, 53, 64, 84 (fig. 52). 
Cucumis, 569, 925. 
Cucurbita, 22, 29, 32, 36, 
43 , 58 , * 9 , 495 , 545 , 554 , 
*34, 635, 637, 868, 925, 
952 (Figs. 34, 35, 74, 98, 
99 , 368, 379, 444 )- 
Cueurbitacear, 111, 217, 555, 
570, 587, 643, 654, 658, 
865, 924, 93 <>, 9 * 19 * 
Cunninghamia, 518,527, 533. 
Cunninghamieae, 527. 
Cunonia, 101, 102. 
Cunoniacex, 66 r. 

Cuphea, 579. 

Guprcssincx, 209, 493, 507, 
526. 


Cuprcssus, 509, 516,517,537, 
532 . 

Cupule, 348, 369, 540 (Figs. 
233, 251). 

Cupuliferae, 535, 587, 633, 
656. 

Curvature of concussion, 7 8 7. 
Cuscuta, 217, 241, 634, 637, 
649, 721, 865. 

Cuscutea?, 658. 

Cuticle, 34, 98. 
Cuticularisation of the cell- 
wall, 20, 33 (Fig. 37). 
Cutleries, 956. 

Cyanophycex, 244, 246,954. 
Cyatheacex, 39 L 435 , 43», 
441. 

Cyathium, 647. 

Cycadcx, 93, 486, 488, 489, 
490, 491, 496, 497, 498, 
500, 501, 515, 5 i 9 , 53 L 
573 , 950 , 958 . 

Cycas, 493, 499, 503, 531 

(Fig. 34 3). 

Cyclnnthea*, 6 31, 952. 
Cyclanthera, 541. 

Cyclic, 600, 608, 641, 657. 
Cyclomyccs, 336. 

Cy (Ionia, 578. 

Cylindrocystis, 258. 

Cyme, 179, 597- 
Cymose inlloroscnce, 596. 
Cymose umbel, 179, 596. 
Cynanchum, 598. 

Cyn.ira, 733, 883, 892 (Fig. 
473 )- 

Gvnaracex, 93, 881, 883, 
886 . 

Cynarex, 887, 891, 894. 
Cynoglossum, 54, 598. 
Cyperacea*, 538, 627, 631, 
952 - 

Cyperus, 5 (/> (Kig. 372). 
Cypripedium, 548, 557, 603. 
Cystocarp, 292. 

Cystococcus, 249, 329. 
Cystocolcus, 329. 

Cvstolith, 36, 65, 68, 948 
(Fig. 53 )- 
Cystopteris, 430. 

Cystopus, 235, 275,277 (Figs. 

180, 18 1 ). 

Cystoseira, 282. 

Gytinex, 656. 

Cytisus, 599, 943* 

Dacrydiuin, 527. 

Dahlia, 26, 63, 119, 166, 713, 
921, 939 (Figs. 25, 26, 29, 
5 L 74 )* 

Daily periodicity of growth, 
823. 

Dammara, 511, 513, 519,527* 
Danxa, 416. 
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Datura, 161, 616. 

Daucus, 493. 

Davallicsc, 442. 

Decussate, 189, 198. 

Dedoublement, 549,605,645. 

Definite inflorescence, 596. 

Degradation of chlorophyll, 
47 - 

Degradation -products, 705. 

Dehiscent fruits, 615. 

Delesseria, 289. 

Delphinium, 578, 579, 608. 

Dentaria, 640. 

Deposits in the cell- wall, 36. 

Derivative hybrid, 919. 

Dermatogen, 147, 500, 590, 
59 i, 592 , 952 (Figs. 1 14, 
122, 125). 

Descent, Theory of, 940. 

Desmanthus, 883. 

Desmidicx, 252, 258, 260. 

Desmodium, 757, 881, 884. 

Deutzia, 36. / 

Development of Sexuality, 
901. 

Development of the mem- 
bers of a branch-system, 

1 76. 

Diageotropism, 854. 

Diagonal plane, 600. 

Diagram of Shoot, 188, 189, 
191, 192, 193, 194, 1 96 
(Figs. 146, T40, 1 49, 150, 
i5», 152 , i53h 

Diagrams, Floral, 601 (Figs. 
147, 406-4T4). 

Development of Varieties, 

928. 

Diaheliotropism, 854. 

Dialypetala, 659. 

Diamira*, 658. 

Dianthus, 540, 917. 

Diastase, 708. 

Diatomacca, 47, 244, 252, 
260, 956. 

Dial omine, 260. 

Diatoms, 36, 260. 

Dicentra, 604. 

Diehasium, 179, 597 (Fig. 
.' 35 )- 

Dichogamy, 906. 

Dichotomca, 391, 460. 

Dichotomy, 169, 177, 178, 
460 (Figs. 1.53, 134, 137, 
> 3 «)- 

Diclinous, 490, 500, 907. 

Dicotyledons, 13, 14, 129 
133, 486, 498, 555, 590, 
633. 

Dictamnus, 92, 175, 563, 601, 
605, 856 (Figs. 76, 77, 131, 
388, 389, 414, 4 » 5 )- 

Dictyostelium, 262. 

Dictyota, 177 (Fig. 133). 


Dictyoteac, 283, 956. 
Dicyclic, 601. 

Didymium, 262 (Fig. 172). 
Differentiation of cell-wall, 
32. 

Differentiation ot tissues, 1 38. 
Digitalis, 599, 917. 
Dilleniacea, 136. 646, 653, 

657, 9:>o. 

Dimorphism, 907. 

Dioecious, 490, 500. 

Ditecism, 905. 

Dion, 502. 

Dionara, 769, 894, 962. 
Dioscoreac, 632, 952. 
Diosmea*, 660. 

Diospyrineir, 659. 
Diplostemonous, 600. 
Dipsacacca, 658. 
Dipterocarpese, 660. 
Directions of growth, 202, 
206. 

Discomycetes, 308. 
Discophonr, 661. 
Displacement, 219. 

Diurnal and nocturnal posi- 
tions of organs, 881. 
Divergence, Angle of, 188. 
Dorsivcntral, 854, 954. 
Dorstcnia, 22 r, 656. 

Doubling of the flower, 542. 
Draba, 605. 

Draeiena, 127, 128, 621, 629 
(Fig. 104). 

Draparnaldia, 281. 

Dried substance of plants, 
6 95 - 

Drimys, 651. 

Drosera, 161, 597, 894. 
Drupe, 616. 

Dryadca, 22 t, 66 2. 
Dudresnaya, 292. 

Dwarf males, 279, 280, 899 
(Figs. 163, 183). 

Ebenaceae, 659. 

Echcveria, 197, 597- 
Kchiurn, 598, 614. 
Ectocarpea, 283. 

Kctoplasm, 40. 
Egg-apparatus, 580. 
Elaagnaceat*, 662. 

Kkragnns, 559 (Fig. 384). 
Elaeis, 54. 

Elaphomyccs, 315. 

Elasticity, 779. 784. 

Elater, 23, 344, 345, 350, 
352, 403, 40*1 (Figs. 1 8, 
236, 238, 240 bis , 246, 
286). 

Elatincae, 662. 

Electricity, 768, 962. 
Elementary constituents of 
the food of plants, 695. 


Eleutheropetalac, 655, 659. 
Eleutheropetalous, 539. 
Eleutherophyllous, 539. 
Kleuthcrosepalous, 539. 
Elodea, 750. 

Embryo of — 

Dicotyledons, 634. 

M onocoty ledons, 618. 
Embryo-sac, 486, 492, 498, 
506, 520, 529, 576, 900, 
959 (Figs. 397-401). 
Embryology ol — 

Angiosperms, 587, 959. 
Coniferac, 525 (Figs. 354, 
355 )- 

Cyeadea, 506. 
Dicotyledons, 590 (Figs. 
403-405). 

Equisetum, 395 (Fig. 

277). 

Ferns, 425 (Figs. 296- 
298). 

Gnetacex, 958. 
Hepatic*, 351,353,355, 
360, 957 (Figs. 237, 
238, 240, 246). 
Isoetes, 472. 
Monocotyledons, 589 
(Figs. 402, 404). 
Mosses, 375, 957 (Figs. 

257, 264). 
Ophioglossear, 412. 
Rhizocarpea, 447 (Figs. 

3 'i» 3 i 3 - 3 ' 5 )- 
Selaginella, 471 (Figs. 
33 «, 332 ). 

Embryonal tubes, 529. 
Emergences, 161. 
Empctracea, 662. 
Krnpetrum, 570. 

Empirical diagram, 602. 
Empusa, 277. 

Kmulsin, 708. 

Enantioblasta, 625, 632. 
Encephalartos, 501. 
Endocarp, 594,615. 
Endocarpon, 329. 
Endogenous formations, 162, 
170, 359 , 400- 
Endophyllum, 330,331, 
Endoplasm, 40. 

Endosmotic force, 672. 
Endosperm, 472, 486, 492, 
495 , 497 , 49 «, 506, 52 «, 

529, 5«5, 618, 633, 715, 

900 (Figs, t 24, 33i, 34 6 , 

348 , 354 , 355 , 40 °, 401 , 

„ 419 , 434 , 435 )- 
Endospore, 32, 344, 404,421, 
437 . 

Endostomc, 570. 
Endothecium, 375, 556. 
Energy of growth, 821. 
Entomophilous, 494, 908. 
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Entomophthoreac, 277 
Epacrideac, 644, 659 (Fig. 
454). 

Epen, 1 21. 

Epenchyma, 121. 

Ephebe, 321 (Fig. 216). 
Ephedra, 528, 530, 651. 
Epibasal cell, 351, 395, 426, 

447, 473- 
Epicalyx, 540. 

Epicarp, 594, 615. 

Epidermal tissue, 79, 94. 
Epidermis, 97 (Figs. 37, 79- 
89). 

Epigynae, 658. 

Epigynous, 559. 

Epilobium, 601 (Fig. 380). 
Epimedium, 570, 646 (Fig. 
396 ). 

Epinasty, 857. 

Epipactis, 913 (Figs. 396, 
492). 

Epiphragm, 341, 383 (Fig. 
273). 

Epiphyllum, 538. 

Epipogium, 164, 620, 633, 
697, 721. 

Epispore, 31, 444, 446, 458, 
556 (Figs. 33, 310, 31 1, 
314, 3i5, 3 2 4)* 

Epistrophc, 750. 
Equisetacea*., 142, 225, 385, 
390, 392. 

Kquisctine.T, 390. 

Equisetum, 13, 36, 143, T73, 
393 (^gs. 10, in, 128, 
274-286). 

Eranthis, 540. 

Ergot, 316 (Fig. 209). 
Ericaceae, 601, 644, 659 (Fig. 
454). 

Eriocaulonese, 632. 

Erodium, 644, 940. 
Eryngium, 559 (Fig. 383). 
Erysiphe, 31 1 (Fig. 207). 
Erythrophyll, 767. 
Erylhroxylacea*, 660. 
Escallonia, 570. 

Escallonieae, 661. 

Etiolation, 754. 

Etiolin, 743. 

Eucalyptus, 640, 949. 
Eucyclae, 655, 659. 

Eucyclic, 601. 

Eudorina, 278. 

Eugenia, 652. 

Euonymus, 570, 651. 
Euphorbia, 85, 86, 179, 189, 
597, 618, 647 (Figs. 74, 
148). 

Euphorbiacear, 86, 644,661. 
Euphorbieae, 661. 

Eupodium, 419. 

Eurotiaae, 312. 


Eurotium, 312 (Fig. 208). 
Eusporangiata, 388. 

Evernia, 329. 

Exalbuminous, 587. 
Excipulum, 323, 324 (Fig. 
218). 

Exoba^dium, 336. 

Exogenous formations, 154, 
170. 

Exospore, 32, 344, 404, 421, 

43B. 

Exostome, 570. 

Extensibility, 779, 784. 
External sheath, 420. 

Extine, 32, 505, 514, 553, 
555 (Figs. 35, 36. 350, 351, 
381). 

Extra - axillary branching, 
175, 6 39* 

Extrorse, 557. 

Fagus, 584. 

False dichotomy, 179 (Fig. 
135)- 

False tissue, 71. 

Fascicular cambium, 130. 
Fascicular tissue, 79. 
Fascicular xylem, 130. 
Female prothallium, 444, 
470. 

Female reproductive cell, 
224, 897. 

Ferments, organised, 248, 
249- 

Ferments, unorganised, 60, 
708. 

Ferns, 421. 

Fertilisation, 224, 233, 267, 
495> 523, 582, 897. 
Festuca, 542. 

Fibrovascular bundle of — 
Dicotyledons, 649 (Figs, 
93 ) 95 )' 

Equisetum, 407. 

Ferns, 439 (Figs. 94, 
308). 

Gymnosperms, 530, 
Ligulatae, 482. 
Lycopodiacea', 468. 
Marattiaceai, 420. 
Monocotyledons, 629 
(Fig. 92). 

Ophioglossea*, 415. 
Phanerogams, 496. 
Rhizocarpeac, 459. 
Fibrovascular bundles, 7 9, 
108, 387, 949. 

Ficaria, 577. 

Ficus, 36, 68, 85, 98, 220 
(Figs. 53, 159). 

Fig, 220, 594, 614. 

Filament, 491, 541. 

Filices, 229, 391, 421. 
Filicincac, 390,409. 
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Filiform apparatus, 580, 582, 
959 - 

Filobacteria, 249. 

Eissidcrns, 198, 364, 366. 
Flexibility, 779. 

Flexibility of internodes, 

785. 

Fioat, 395. 

Floral diagram, 601. 

Floral formula!, 606, 625, 
642. 

Florideae, 51, 238, 244, 288, 
898. 

Flower, 490, 538, 599, 625, 
641. 

Flowers of tan, 262. 
Fluorescence of chlorophyll, 
760. 

Fluorine, 695. 

Foliaceous Lichens, 3 19 (F’ig. 
211). 

F oliage-leaves, 214. 

Foliose Hepaticie, 347. 
Follicle, 615. 

Fontinalis, 153, 195, 199, 

372 (Figs, it 6, 267). 
Food-materials, 696. 

Foot, 344, 351,387, 395,426, 
448, 472, 473 (Figs. 238, 
264, 265, 296, 313, 314). 
Foramen, 492. 

Formative materials, 705. 
Fossil Equisetacea*., 407. 
Fossil Lycopodiacea*, 484. 
Fourcroya, 557, 568. 
Four-fold pollen-grains, 557. 
Fovea, 475 (Fig. 33 - 0 - 
Foveola, 475. 

Fo villa, 556. 

Fragaria, 568, 578. 
Fragmentation, 946. 
Francoacem, 661. 
Frangulincae, 660. 
Frankeniacea*., 659. 

Fraxinus, 652. 

Free cell-formation, to, 945. 
Freezing, effects of, 731. 
Frcnela, 5 * 7 ) 527- 
Fritillaria, 192, 621, 677 

(Figs. 151, 421). 

Fruit, 495, 593, 614. 
Frullania, 347, 35y> 362. 
Fruticose lichens, 319. 
Fucacea:, 3, 281, 956. 
Fuchsia, 572. 

Fucoideae, 244, 281, 955. 
Fucoxanthine, 766. 

Fucus, 3. 235,281,897,905, 
915 (Figs. 2, 184, 185). 
Fumaria, 613 

Fumariaceae, 604, 646, 657 
(Fig. 41 1). 

Funaria, 47, 97, 362, 367, 
368,370,371,373,381,915, 
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936 (Figs. 45,82,247,253, 
254, 256, 257, 266, 268- 
272 . 

Fundamental tissue, 79, 120. 
Fungi, 227,241, 697, 956. 
Funk' ulus, 492, 570. 

Funkia, 15, 23, 551, 572, 581, 
593 (Figs. i2, 1 y, 375, 376, 
39«, >99)- 

Gagea, 495, 598. 
Gamopetala*, 655, 658. 
Gamopctalous, 221, 539. 
Gamophyllous, 539, 
Gamoscpalous, 221, 539. 
Garidella, 608. 

Gases, moxements of, 691. 
Gasteromycetes, 7 1 , 307, 338. 
Gelatinous lichens, 320. 
Geliiliuni, 2S9. 

Gemma:, 172, 223, 342, 348, 
369, 423 (Figs. 2)4, 251). 
General conditions oi Plant 

Life, 725- 

Generating tissue, 82. 
Generations, Alternation of, 
222, 233, 342, 385, 486, 
48S, 899. 

Genetic: spiral, 1 90. 
Gentianaceir, 658. 

Genus, 927. 

Genus-11) brid, 915. 
Gcoglo-simi, 311. 
GcographUul distribution of 
plants, 943. 

Geotropism, negative, 839. 
positive, 839 (Figs. 482, 
484). 

transverse, 854. 
Geraniaeca*, 660. 
Germination, 715, 728, 731. 
Germination ol seeds, 501, 
507, 619, 635 (Figs. 346, 
4 1 9, 4)5) I j 6 b 
Germination of spores, 258, 

259, 262, 268, 293 ) 3 >3, 

346, 36 j, 393, 416, 421, 

442, 461, 469, 515, 521, 

580, 582. 

Gesneraceae, 658. 

Geuin, 221, 579 (Fig. 161). 
Ginkgo, 520, 578. 

Glabrous, 99. • 

Gladiolus, 555. 

Gland* 1 , compound, 91 (Fig. 
76). 

simple, 84. 

Glandular hairs, 101, 1 6 1 
fKifjs. 77, 359). 

(flans, 615. 

Glauciinn, 588. 

(Leba, 307, 341 (Fig. 231). 
Gleditscbia, 218, 639, 652, 
935- 
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Gleichenia, 431. 
Glcicheniaceac, 391,441. 
Globoids, 52 (Fig. 48). 
Globularia, 648. 
Globulariaceie, 658. 

Globule, 298 (Figs. 197, 198, 
200, 2or). # 

Glceocapsa, 246 (Fig. 165). 
Glceocystis, 248. 

Glceothece, 247. 

Gloxinia, 584. 

Glucose, 712. 

Glume, 631. 

Glumiflorar, 631. 
Glyptostrobus, 527. 
Gnetacex, 497,498, 500, 527, 
958. 

Gnetum, 527 , 57», 959- 
Gomphrena, 580. 

Gonulium, 223, 239, 318. 
Gonium, 253. 

Goodcniaeea-, 659. 

G rami near, 631 (Fig. 409). 
Grand period o t growth, 

817. 

Granulose, 56, 60. 
Graphidcac, 329. 

Graph is, 319. 

Grass, flower of, 603. 
Grasses, embryo of, 6r8. 
Grateloupia, 292. 
Gravitation, action of, 770, 
839 (Fig. 482). 
(irossuianaceit, 66 1 . 
Growing point, 138 (Figs. 

108-1 1 4). 

Growth- — 

action of electricity on, 
962. 

action of gravitation on, 
770, 839 (Kiss. 477, 
482). 

action of light on, 752, 
832, 962. 

action of temperature 
on, 730, 828. 
causes of, 775. 
directions of, 202. 
in length, 815. 
in length of the root and 
stem, t 37. 

in thickness of the cell- 
wall, 19, 32. 

in thickness of the root, 
^ 7 , 133- 

in thickness of the stem 
and root, 125. 
in thickness of the stem 
of monocotyledons, 
127. 

mechanics of, 773. 
of starch-grains, 57. 
periodicity of, 823. 
Gruinales, 660. 


Guard-cells of stomata, 98, 
103 (Figs. 61-65, 84-89). 
Gum, 36, 93, 705. 

Gum- passages, 93 (Fig. 66). 
Guttifcrsc, 660. 

Gymnadcnia, 578. 
Gymnoascus, 307, 308. 
Gymnocarpous, 306. 
Gymnocarpous lichens, 323. 
Gymnogramme, 421. 
Gymnospcrms, 497, 498, 534, 

897. 

Gymnosporangia, 331, 335. 
Gymnostachys, 626 (Fig. 
4 33)- 

Gymnostomous, 381. 
Gymnostomum, 383. 
Gynacccum, 490, 557, 627, 
641 (Figs. 386, 387). 
Gynandrar, 635. 

Gynohasie style, 563, 568 
(Figs. 389, 390). 
Gynophore, 547, 563 (Figs. 
371, 388). 

Gynosteinium, 547, 627, 633 
(Figs. 372, 492). 


Haematococcus, 954. 

H armodoracca*, 632. 

Hairs, 99, 150, 160 (Figs. 
42, 83). 

Ilakea, 124, 652. 

Halidns, 282. 

Haloragidcar, 662. 
llalymenia, 292. 

Haustoria, 275, 812 (Figs. 

175, 276). 

Ileal - 

action of, 731, 884. 
conduction of, 725. 
production of, 723. 
radiation of, 725. 
Heat-expansion, Coefficients 
of, 727. 

Heating apparatus for the 
microscope, 7 36 (Fig. 474 j. 
Hebenstreitia, 648. 

Hedera, 651. 

lledychium, 625 (Fig. 429). 
Hclianthemum, 577, 597. 
Hclianthus, 567 (Fig. 393). 
Helicoid cyme, 1 80, 597 ( Fig. 
136). 

Helicoid dichotomy, 178 
(Fig. 134)* 

Hcliotropisrn, 832. 
negative, 756, 833. 
positive, 756, 833. 
transverse, 854. 
Hcliotropium, 598. 
Helleborus, 495. 

Helobiae, 630. 
llelvclla, 311. 
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Hemerocallis, 597, 598. 
Hemicyclic, 600, 641. 
Hemileia, 956. 

Hepatic®, 345, 346. 

Heppia, 328. 

Heraclcum, 610 (Fig. 415). 
Hermaphrodite, 490. 
Henninium, 218 (Fig. 158). 
Herpothamnion, 291 (Fig. 
189). 

Hesperidex, 660. 
Hesperidium, 616. 
Heterocyst, 247. 
Hctereecism, 332. 
Heteromerous, 601. 
Heteromerous lichens, 320. 
Heterosporex, 389. 
Hcterostylism, 907. 

Hibiscus, 616. 

Hieracium, 926. 
Hildenbrandtia, 289. 

Hilum, 492, 570, 618. # 
Himanthalia, 282. 
Hippocastanex, 644, 660 

(Fig. 455). 

Hippocrateacex, 66 o. 
Hippuridex, 662. 

Hippuris, 155,537,649 (Figs. 

11 9, 36o). 

Histology of— 

Dicotyledons, 649. 
Filices, 438. 
Gymnosperms, 530. 
Ligulatx, 481. 
Lycopodiacex, 467. 
Marattiacex, 420. 
Monocotyledons, 629. 

( )phioglossacex, 415. 
Phanerogams, 496. 
Rhizocarpex, 459. 
Holargidiurn, 605. 

Holly, 34, 35 (Fig. 37). 
Hollyhock, 43, 101 (Figs. 
42, 83). 

Hoinoiomerous lichens, 320. 
Hook-climbers, 962. 

Hop, 862, 939. 

Hormogonia, 954. 

Hoya, 29, 85, 668 (Figs. 30, 
466). 

Humiriacex, 660. 
Hyacinthus, 77 (Figs. 6 1-64). 
Hybrid, 914. 

Hybridisation, 9 14. 
Hydnora, 576. 

Hydnorex, 656. 

Hydnum, 336. 

Hydrangea, £52. 
Hydrangex, 661. 

Hydrilla, 630. 

Hydrillex, 631. 
Hydrocharidex, 625, 631. 
Hydrocharis, 624, 626. 
Hydrodictyex, 244, 355. 


Hydrodictyon, 256. 
Hydrogen,’ 695, 697. 
Hydropeltidinex, 655, 657. 
Hydrophyllacex, 658. 
Hydropleon, 664. 
Hydrophyllex, 539 (Fig. 
483). 

Hydrotropism, 845. 
Hymenium, 306 (Figs. 205, 
218, 219, 227). 
Hymenomycetes, 336. 
Hymenophyllacex, 421, 441. 
Hymenophyllum, 422. 
Hyoscyamus, 598. 
Hypecoum, 604. 
Hypericinex, 544, 660. 
Hypericum, 545, 602 (Figs. 
367, 408). 

Hyphx, 84, 307 (Figs. 55, 
205, 2 T 4 " 217 , 225, 229). 
Hyphal tissue, 84. 

Hypobasal cell, 351, 395, 
426, 447, 472. 
Hypochloriti, 710. 
Hypocotyledonary axis, 507, 
635. 

Hypoderma, 95, 98, 123 (Fig. 
102). 

Hypodermix, 335. 
Hypoglossum, 289. 
Hvpogynx, 638. 
Hypogynous, 559. 
Hyponasty, 857. 

Hypophysis, 589 (Figs. 402- 
405). 

Hypothallus, 323. 
Hypothecium, 324. 
Hypsophyllary leaves, 2T4, 
595 * 

Iberis, 649. 

Ice, Formation of, 731 (Fig. 
473 )- 

Idioblast, 84, 91. 

Illidum, 6 1 5. 

Imbibition, 790. 

Impatiens, 555, 6 37 - 
Incombustit)le deposits in 
cell-wall, 36. 

Indefinite inflorescence, 595. 
Indehiscent fruits, 615, 616. 
Indusium, 419, 435, 455, 
575 (Figs. 303, 304). 
Inferior ovary, 566 (Figs. 
393 . 394 )- 

Inflorescence, 490, 495, 594. 
Innovation, 185, 342. 
Insect-agency in pollination, 
494, 906 (Figs. 488-492). 
Insertion of leaves, 155. 
Integument, 492, 498, 570, 
575 (Figs. 397 , 39 «); 
Intercalary growth of cell- 
wall, 22. 
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Intercalary vegetative zone, 
536, 816. 

Intercellular spaces, 75, 76, 
93, 98 (Figs. 58-66, 78). 
Intercellular substance, 72, 
76, 1 t 9. 

I nterfascicular cambium, t 30. 
Interfascicular phloem, 130. 
Interfascicular xylem, 130. 
Intermediate cells, 119, 651. 
Intermediate tissue, 123. 
Internodes 156. 

Interposed members, 60 t. 
Intine, 32, 505, 514, 553, 
555 (Figs. 345, 351, 380, 
381). 

Intr.ipctiolar buds, 639. 
Introrse, 557. 

Intussusception, 29, 58, 666. 
Inulin, 62, 707 (Fig. 5t). 
Involucel, 596. 

Involucre, 540, 596. 

Iodine, 695. 
lpomxa, 599. 

Iridex, 625,632 (Fig. 427). 
Iron, 696, 699. 

Irritability, 865, 878. 

Isatis, 175 (Fig. 132). 
lsoetex, 389, 392, 460. 
lsoetcs, t 7 3, 182, 215, 388, 
468, 958 (Figs, t 38, 329, 
330, 333, 334). 

Isocarpex, 655, 659. 
Isomerous, 601. 
lsosporex, 389. 
Isostemonous, 600. 

Ivy. 78, 837, 935. 938 (Fig. 

66 ). 

Jasminiacex, 658, 

Jasroinum, 651. 

Jerusalem artichoke, 42, 
63. 

Juglandex, 662. 

Jugluns, 633. 

Juliflorx, 655. 

Juncacex, 632. 
juncagitiex, 626, 631 (Fig. 
432). 

J ungermannia, 3 4 7 , 3 5 6 ( Figs. 
144, 246). 

Jungermanniex, 343, 349, 

35i, 35 6 - 

j uniperinex, 527. 
uniperus, 509, 51 t , 513, 
523 (Figs. 349, 355). 
Jussieua, 935. 

Justicia, 555. 

Kalmia, 616. 

Karyokinesis, jy, 

Kaultussia, 416. 
Kenenchyma, 83* 

Kerrin, 651. 
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Kitaibelia, 540. 

Klugia, 598. 

Knight’s experiments on the 
influence of gravitation, 

853. 

LabeUum, 567, 913 (Figs. 
394 , 492). 

Labial*, 548, 579, 585, 613, 

633, 64a, 6 5 ». 

LabiatHlor*, 658. 

Labium, 475 (Fig. 334). 
Laburnum, 613. 

Lamina of Leaf, 212, 640. 
L.iminaric*, 283. 

Lamium, 549, 578, 640 (Fig. 
37 3 ). 

Larix, 509, 511. 

Lateral budding, 169 (Figs. 
1 28-1 32). 

Lateral plane, 600. 

Lateral roots, 166 (Fig. 125). 
Lateral shoots, 1^3. 

Lathnea, 50, 648. 
Laticiferous cells, 85, 961 
(Figs. 69, 71). 

Laticiferous vessels, 86, 705, 
7! 2, 948 (Fig. 72). 
Latticed cells, 89. 

Lauracea*, 643. 

Laurinc*, 657. 

Leaf, 150, 153, *57, l 8 7 - 

Leaf, development ot, in 
Ferns, 430. 

Leaf-bearing axes, 153. 
Leaf-blade, 212, 640. 
Leaf-branching, 182. 
Leaf-forms, 2 1 1 . 
Leaf-sheath, 396. 
Leaf-spines, 215. 

Leaf-stalk, 212, 640. 
Leaf-tendrils, 214, 865. 
Leaf-trace, 155, 496. 
Leaf-veins, 2 1 3. 

Leaflet, 212. 

Legume, 61s. 

Lcgumin, 719. 

Leguniinosar, *>33, 718. 
Lcjolisia, 181, 291 (Fig. 190). 
Lemaneaceae, 289. 

Lcmna, 164, 621, 626, 628. 
Lemnace*, 630. 
Lempholemma, 328. 
Lentibulariaceae, <>59. 
Lenticels, 108. 

Lepidium, 604. 
Lepidodendron, 484. 
Lcpidostrobus, 485. 
Leptogium, 328 (Fig. 215). 
Leptosporangiata, 388. 
Lcssonia, 283. 

Leucin, 718. 

Leueojum, 628. 

Levisticuin, 183 (Fig. 140}. 


INDEX. 

Leycesteria, 642 (Fig. 440). 
Liboeedrus, 509. 

Libriform Fibres, 35, 118 
(Fig. 97 )- 

Lichens, 231, 241, 318. 
Lichina, 328. 
Lichnoerythrine, 766. 
Lichnoxanthine, 766. 
Light- 

action of, 737. 
chemical action of, 743. 
mechanical action of, 
749 , ** 32 . 

Lignification of the cell-wall, 
20, 34, 705. 

Ligulatse, 392, 461, 468. 
Ligule, 213, 392, 475, 539, 
624 (Figs. 361, 425). 
Liliace*, 584, 602, 606, 628, 
632 (Fig. 406). 

Liliiilorne, 625, 632. 

Liiium, 223, 623. 
Limnanthaeea*, 660. 
Linaccsr, 660. 

I. inaria, 640. 

Lingula, 475 (Fig. 334). 
Linnea, 579. 

Linum, 563. 

Liriodendron, 652. 

Lithium, 695. 

Lithocysts, 84. 
Lithospermum, 598. 
Loasacca*, 659. 

Lobelia, 642 (Fig. 442). 
Lobcliaeea*., 86, 613, 658. 
Loculicidal dehiscence, 616. 
Lodieulc, 538, 627. 
Loganiacca*, 658. 
Lomcntum, 615. 

Loniccra, 640, 642 (Fig. 

440 )- 

Loranthaeca*. 576, 585, 599, 
662, 959. 

Loranthus, 588. 

Lunularia, 348, 355. 
Lupinus, 52, 7* 8 (Fig. 47). 
Lu/.ula, 577. 

Lychnis, 536, 539 (Fig. 361). 
Lycogala, 262. 
Lycopodiace*. 184, 385, 392, 
461, 484, 953. 

Lycopodieac, 184, 389, 392, 

460. 

Lycopodineac, 460. 
Lycopodium, 72, 388, 389, 

461, 466, 515 (Figs. 326- 
328). 

Lygodium, 217, 432, 435, 
862. 

Lysimaehia, 579, 638. 
Lythrarica*, 662. 

Macrocystis, 283. 
Macrosporangium, 453, 459, 


476, 480, 491 (Figs. 319- 
321, 325, 335 ). 

Macrosporc, 31, 386, 389, 
442, 455, 457, 458, 470, 
491, 497 (Figs. 33, 310, 
311, 3 i 4 , 330 , 33 L 338 ). 

Macrozamia, 503. 

Macrozoogonidia, a8i. 

Magnesium, 52, 696, 699. 

Magnolia, 549, 612, 652. 

Magnoliacea., 600, 608, 641, 
657. 

Mahernia, 579. 

Mahonia,543, 880 (Fig. 362). 

Maianthemum, 606. 

Maize (Figs. 18 bis^ 4T, 50, 
58, 92, 117, 122-124). 

Malachium, 563. 

Malaxis, 622. 

Male Prothallium, 442. 

Male reproductive cells, 224, 
89 i. 

Malope, 540. 

Malpighiacea, 660. 

Malvaceae, 66 1. 

Manglesia, 547 (Fig. 370). 

Manubrium, 298 (Fig. 198). 

Maratlia, 64, 93, 416. 

Marattiace*, 391, 416, 882. 

Marchantia, 23, 78, 348, 350, 
356, 962 (Figs. 18, 65, 89, 
233-236, 241-243). 

Marchantia, stomata of, 75, 
106,948 (Figs. 65, 89, 233). 

Marchantiea, 343, 352, 355. 

Marcgraviacea, 660. 

Marsilia, 162, 184, 443, 446, 
447 , 45 L 45 <>, 459 , 882 
(Figs. 12c, 121, 142, 310, 
3 * 4 , 3 i 5 , 3 i 7 , 321. 325)- 

Marsiliace*, 391, 460. 

Mazus, 648. 

Mechanics of growth, 773. 

Mechanism of— 

hcliotropism, 837. 
gcotropism, 853 (Fig. 

482. 

movements, 887. 

Median plane. 188, 600. 

Median wall, 426. 

Medullary rays, 120, 129, 
» 3 L 53 i, 649 (Fig. 105). 

Medullary sheath, 130, 531, 
650 (Fig. 105). 

Mcgacarpaca, 605. 

Megadin ium, 881. 

Megalospora, 325. 

Melaleuca, 651. 

Melampsora, 331. 

Melampyruin, 648. 

Melastomaceae, 662. 

Meliacea, 660. 

Melilotus, 493. 

Melobesia, 65. 
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Melobcsiaceac, 290. 
Members, 149. 
Menispermacese, 643, 653, 
657 (Fig. 449). 

Mentha, 638. 

Menyanthes, i6r, 595. 
Mericarp, 614, 615. 
Merismopcdia, 247, 954. 
Meristem, 80, 137. 
Mertensia, 431, 
Mesembryanthemeac, 653, 
662. 

Mesocarp, 594, 615. 
Mesocarpeat*, 257. 
Mesoearpus, 257. 

Mesophyll, 213. 
Mcsotaenium, 258. 
Metamorphosis — 
chemical, 708. 
of organs, 149, 151,954. 
Metaplasm, 37, 40. 
Metastasis, 703. 

Metzgcria, 140, 181,347, 356, 
952 (Figs. 109, no, 137, 
232). 

Micella, 19, 664. 

Micellar aggregate, 664. 
Michauxia, 642, 646. 
Micranthar, 631. 
Microcachrys, 527. 
Micropyle, 492, 570 (Figs. 

352 , 397 , 400 ). 
Microsomata, 18, 947. 
Microsporangium, 453, 45s, 
459 , 475 , 476, 479 (Figs. 
309, 319-321, 325 , 334 , 
335 ). 

Microspore, 386, 389, 442, 
469, 491, 497 (Figs. 309, 
3»o, 329, 331). 
Microzoogonidia, 256, 281. 
Mid-rib, 213. 

Middle (central) lamella, 25, 
34, 72 (Figs. 24, 32, 38, 
57 ). 

Mignonette, 187 (Fig. 1^5). 
Mimosa, 882, 888. 

Mimosea*, 550, 557, 662, 879. 
Mirabilis, 538, 653. 
Mistletoe, 634, 837. 

Mnium, 342, 363. 

Molecular forces, 663. 
Momordica, 940. 
Monocarpcllary, 560. 
Monocarpic, 594. 
Monocarpous, 560. 
Monochlamydeae, 655, 656. 
Monocleae, 352, 354. 
Monocotyledons, 498,618. 
Monocyclic, 601. 
Monoecious, 490, 900. 
Monoecism, 905. 

Monopod ial inflorescence, 
595 - 


Monopodium, 177 (Figs. 1 1 9, 
123,132). 

Monosymmetrical, 204, 611. 
Monotropa, 214, 241, 577, 
578 , 584, 634, 649, 697, 
721. 

Monotropeae, 659. 

Monsonia, 644. 

Monstcrineae, 84 (Fig. 70). 
Morea% 656. 

Morchella, 311. 

Morel, 3 1 1. 

Mosses, 342. 

Mosses (true), 381. 
Mougeotia, 258. 

Movement — 

action of light on, 756, 
885. 

ciliary, 4, 232, 240, 75T. 
dependent on oxygen, 
722, 886. 

influence of temperature 
on, 729, 884. 
of chlorophyll granules, 
75 °- 

of protoplasm, 38, 40, 
261, 730, 749, 769. 
of water, 674. 
Movements — 
induced, 878. 
of gases, 691. 
of nutation, 855, 857, 
862, 866. 

of nutation, influence of 
light and temperature 
on, 871. 
periodic, 878. 
periodic, influence of 
light on, 882. 

Mucilage, conversion of the 
cell-wall into, 20, 33,35,705. 
Mucor, 265, 266. 

Murorini, 265, 267. 
Muhlenbcekia, 651. 
Mulberry, 594, 614. 
Multilateral structure, 205. 
Musa, 555, 621. 

Musaceae,62 5,6 32 (Fig. 428). 
Muscari, 174 (Fig. 130). 
Musci, 345, 361. 

Mu^cineae, 342. 

Mushroom, 307, 336 (Figs. 
225-227). 

Mycelium, 226, 303, 307 

(Figs. 174, i 75 , 180, 18 1, 
204, 208, 225). 

Myosotis, 598. 

Myosurus, 561, 578. 
Myricaceae, 657. 
Myriophyllum, 49, 171. 
Myrislica, 492, 570, 587. 
Myristicaceae, 657. 

Myrosin, 708. 

Myrsinaceae, 570, 659. 


Myrtaceae, 662. 

Myrtiflorac, 662. 
Myxoamoibar, 10, 39,252,261, 
955 (Fig. 173). 
Myxomycetes, 10, 41, 244, 
261, 945. 

Naiades*, 573, 618, 630. 
Naias, 491,541, 557,565, 566, 
573, 575, 627. 

Nardus, 603 (Fig. 409). 
Nasturtium, 930. 

Natural Selection, 929. 
Natural System, 942. 

Nectar, 494, 569. 

Nectary, 494, 569. 

Negative geotropisrn, 839. 
Negative heliotropism, 756, 

833. 

Nelumbiacea*, 641, 657. 
Nemaliex, 289, 290. 
Ncmalion, 238 (Figs. 164, 
r88). 

Ncottia, t68, 214, 697, 72 t, 
935- 

Nepenthea.*, 656. 

Nepenthes, 640, 677, 688, 
934- 

Nephrolepis, 428, 431, 433. 
Nerium, 539, 652. 

Nickel, 695. 

Nirotiana, 494. 

Nidularicae, 339. 

Nigella, 542. 

Niphobolus, 429, 430. 
Nilella, T7, 49, 29H, 300, 302, 
905 (Figs. 14, 198-202). 
Nitophyllum, 290. 

Nitric acid, 698. 

Nitrogen, 69^696,698. 
Node, t 56. 

Nostoc, 247. 

Nostocaceae, 247, 328. 
Nothoscorduin, 593. 
Nucellus, 487, 497 (Figs. 348, 
3-19, 352, 354, 355, 3«3, 
39 T > 397, 39«). 

Nuclear disc, 18, (Fig. 10). 
Nuclein, 947. 

Nucleoli, 38, 44. 

Nucleus, 2, 38, 44, 947. 

division of, 17. 

Nucule, 299. 

Nuphar, 575, 586, 617, 648 
(Fig. 68). 

Nut, 615. 

Nutation, 855 (Fig. 485). 
Nutmeg, 587. 

Nutrition, 775. 

Nyctagineac, 137, 653, 66 r, 
950. 

Nyctitropic, 873. 

Nymphara, 538, 549, 5^ 6 , 
612, 6 4 8. 
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Nymphxaceae, 536, 586, 600, 

633, 641, 654, 657. 

Oak, 614. 

Obdiplostemonous, 60 1 . 

Ochnace*,, 660. 

Ochrolechia, 326. 

Oetamerous, 642. 

Octants, 351. 

(Edogonicx, 244, 278. 

(Edogonium, 9, 22, 2 35, 279, 

897, 945 (Figs. 17, 1 63, 

182, 183). 

CF.notherex, 662. 

Oidium, 3 1 1 . 

Oil, 52 , yi,7° 6 »7t5. 

Oleacea*, 643, 658 (Fig. 448). 

Olt'crsia, 436. 

Omphalaria, 328. 

Omphalodes, 598. 

Onagraricx, 555. 

Onopordon, 640. 

Oocardiym, 248. 

Oogonium, 3, 234. 267, 271, 
273, 279 , 281 (Figs. 163, 
177, i 79 < i8t, 183, 185). 

Oopliore, 225, 342, 385, 421, 
488. 

Oosphcre, 224, 234, 267, 350, 
355 , 373 , 423 , 446, 486, 

523, 580, 897 (Figs. 163, 

177, 179, t8t, 183, 185, 

236, 240, 256, 295, 3M, 

33 i, 354 , 355 , 399 ). 

Oospore, 224, 234, 343, 47 h 
585. 

Oospore*, 244, 267. 

Opegrapha, 329. 

Open bundles, 650. 

Opening and closing of 
flowers, 872. 

Operculum, 345, 381 (Fig. 
266). 

Ophioglosscx, 3S5, 391, 410. 

Ophioglossum, 410, 412, 414, 
958 (Figs. 288, 290). 

Ophrydex, 557, 603, 628. 

Opuntia, 538, 566. 

Orchidex, 557, 576, 579 , 
583, 586, 593, 603, 618, 
627, 633, 908, 960 (Fig. 
410). 

Orchis, 571, 578 (Figs. 397, 
418). 

Order of succession of the 
parts of the flower, 608. 

Organic centre, 203. 

Organs of plants, 149. 

Origin of species, 920. 

Ornithogalum, 580, 588. 

Orobanche, 214, 24 j, 634, 
* 49 , 935 - 

Orobanchcx, 585, 658. 

Orthostichy, 188 (Fig. 154). 


Orthotropic, 854. 
Orthotropous, 49 2, 570. 
Oscillatoriex, 246, 247. 
Osmunda, 423, 435. 
Osmundacex, 391, 41c, 437, 
440. 

Ouvirandra, 625. 

Ovary, 493, 497, $58 (Figs. 
382-395). 

Ovule, 487, 491, 497, 498, 
570 (Figs. 343, 347— 
539 > 397 , 398 , 800 ). 
development of, in An- 
giosperms, 576. 
development of, in Co- 
nifer*, 520. 

development of, in Gne- 
tacex, 529. 

Oxalic acid, 699. 

Oxalidex, 660, 879. 

Oxalis, 882, 891 . 

Oxygen, 691, 696, 698, 
Oxy-salts, 698. 

Ozothallia, 282. 

P amnia, 614. 

Pale*, 150, 435, 602, 631. 
Paliurus, 599. 

Pallisade- parenchyma, 84, 
533 , 735 - 

Palmaeca*, 624, 631. 

Palm el la, 248. 

Palmeliacex, 46, 244, 248, 
329 - 

Palms, 620, 623, 629, 938. 
Pandanuce*, (>31. 

Pandorina, 234, 254 (Figs. 
162,167). 

Pandorine*, 244, 253. 
Panicle, 596. 

Panicled inflorescences, 596. 
Pannaria, 328. 

Papain, 708. 

Papaver, 87, 616, 641, 647, 
654 (Fig. 464). 
Papavcracix, 87, 647, 657. 
Papayacex, 87, 659. 
Papilionace*, 607, 609, 613. 
Pappus, 538, 617, 940. 
Paraph yses, 309, 310, 325, 
336 , 33 «, 343 , 370 , - 135 , 
441 (Figs. 205, 219, 227, 
253 )- 

Parasites, 214, 242,649,720, 
942. 

Parastichy, 194. 

Paratonic action of light, 
757 - 

Paruichyma, 83 (Fig. 1). 
Parietales, 659. 

Paris, 188, 606 (Fig. 147). 
Parmelia, 327. 

Parnassia,642,856(Fig.44i). 
Paronychiex, 645, 66 1. 


Parthenogenesis, 375 , 59 3i 
902. 

Passiflora, 536, 865, 870. 
Passifloracese, 659. 

Pastinaca, 183 (Fig. 140). 
Paullinia, 653. 

Pectinaccous substances, 706. 
Pediastrum, 70, 256 (Figs. 
54, 169). 

Pedicularis, 588, 648. 
Peduncle, 491. 

Peganum, 610, 644. 
Peissomelia, 289. 

Pellia, 352, 360, 395, 422, 
945 - 

Peltigera, 319. 

Pelvetia, 282. 

Penicillium, 226, 306, 314. 
Pentamerous, 641. 

Peperomia, 579. 

Perianth, 490, 528, 538. 
Periblem, 147, 163, 500,953 
(Fig. 114). 

Pcricambium, 115, 134, 167 
(Figs. 96, 106, 114, 125). 
Pericarp, 594,615. 
Perich*tium, 343, 371. 
Periderm, 95, 106. 

Peridium, 306, 333, 340 (Fig. 

23O. 

Perigyn*, 661. 

Perigynium, 343, 350 (Fig. 
236). 

Perigynous, 559. 

Periodic movements of or- 
gans, 878. 

Periodicity of growth in 
length, 817, 823. 
Periodicity of tension, 808. 
Pcrispcrm, 492, 586. 
Peristome, 381 (Figs. 266, 
267, 273). 

Perithecium, 308, 312, 313, 
317, 323 (Figs. 207, 208, 
209). 

Permanent tissue, 82. 
Peronospore*, 244, 275, 955. 
Persea, 555. 

Pertusaria, 319, 326 (Fig. 
220). 

Petal, 538. 

Petiole, 2i2, 640. 

Peziza, 11, 310 (Figs. 205, 
206). 

Phxosporeae, 283, 956. 
Phalloidex, 341. 

Phallus, 340 (Fig. 231). 
Phascace*, 377, 380. 
Phascum, 375. 

Phaseolus, 24, 134, 135, J47, 
561, 636 (Figs. 21, 106, 
107, 113, 385, 437 )- 
Phcgopteris, 430, 44 t. 
Phellodcnn, 107 (Fig. 90). 
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Phellogen, 8a, 107 (Fig. 90). 
Philadelphese, 661. 
Philodendron, 93. 

Phloem, in, 119. 

Phloem-ray, m, 131. 
Phloem-sheath, 440, 468. 
Phlomis, 564 (Fig. 390). 
Phoenix, 618 (Fig. 419). 
Phosphorescence, 723. 
Phosphorus, 696, 699. 
Photolactic, 752. 

Phototonus, 757, 885. 
Phragmidium, 332. 
Phycocyanine, 246, 766. 
Phycoerythrinc, 289, 766. 
Phycomyces, 265, 267 (Fig. 
• 74 )- 

Phycophanne, 28 2 . 
Phycoxanthine, 260, 766. 
Phyllaetidium, 329. 
Phyllanthacea*, 66 1 . 
Phyllanthea, 661. 

Phylliscium, 328. 

Phylloclade, 217. 
Phyllocladus, 158, 217, 509, 
510, 527. 

Phyllade, 476. 

Phyllode, 222. 

Phylloglossum, 462, 463. 
Phyllome, 150, 157. 
Phyllophoracese, 289. 
Phyllophytc, j s t . 
Phyllopodc, 484. 

Phyllotaxis, 187, 194, 953 
(Figs. 146-134). 
Phyllotaxis of Ligulatar, 476. 
Physalis, 638. 

Physarum (Fig. 173). 
Physcia, 327 (Fig. 22 2). 
Physma, 327 (Fig. 222). 
Phytelephas, .587. 
Phytocrenc, 633, 950. 
Phytolacca, 645, 653 (Fig. 
459 )- 

Phytolaccacca, 136, 645, 

661. 

Phytophthora, 275. 

Ticea, 517. 

Pileus, 336, 337. 

Pilobolus, 267. 

Pilularia, 31, 451, 455, 457, 
458, 460 (l'igs. 33, 318, 
320, 322-324). 

Pine-apple, 614. 

Pinus, 25, 30, 72,74, 94, T05, 
124, 508, 527, 533 (Figs. 
23, 24, 32, 60, 78, 88, 102, 
'03, 346, 356). 

Piperacea.*, 137, 492, 496, 
5 <M, 573 » 575 , 633, 654, 
656, 951. 

Piperinea, 655. 
Piptocephalidae, 267, 955 

(Fig- 175). 


Pistia, 585, 628. 

Pisum, 52 (Fig. 46). 
Pitcher-like organs, 677. 

Pith, 120. 

Pitted vessels, 24, 116 (Figs. 

25-27, 97 ). 

Pittosporea, 93, 660. 
Placenta, 452, 492, 574. 
Placentation, 561, 563. 
Plagiotropic, 854, 954. 

Plane of insertion, 188. 

Plane of symmetry, 204. 
Plantaginex, 643, 658 (Fig. 
447 )- 

Plasmodium, 10, 39, 252, 262, 
841, 955 - 
Platanaceue, 656. 

PI at an us, 639. 

Platycerium, 170,432. 
Plcomorphy, 232. 

Picon, 664. 

Pleospora, 316. 

Pleromr*, T15, 147, 163, 500, 
952 (Fig. 114). 

Plerome sheath, 115, 124, 
415 (Fig. 96)- 

Plcuroearpous Mosses, 370. 
Pleurococcus, 246, 253, 329. 
Plocamium, 289. 
Plumbaginea, 659. 

Plumule, 499, 593. 
Podocarpear, 527. 
Podocarpus, 500, 510, 527. 
Podophyllum, 647. 
Podosphaia, 238, 312. 
Podostcmoiiea, 662. 

Point of insertion, 188. 
Polanisia, 605 (Fig. 412). 
Polar nuclei, 580. 

Polarised light, 665. 
Polemoniaccx, 658. 

Pollen, Development of, 12, 
M, * 5 , 32 , 505, 55 1 » 552 
(Figs. 12, 34, 374, 375, 

37 «, 379 ). 

Pollen-grain, 23, 34, 224, 
487, 491, 498, 506, 514, 

553, 555, 900 (Figs. 36, 

345 , 350 , 35 i, 378 , 3 »°, 

381). 

Pollen-sac, 491, 505, 512, 
542, 55 i, 552, 55 6 (Figs. 
374 , 377 ). 

Pollen-tube, 33, 515, 522, 

554, 5^8 (Figs. 35, 345, 
354 , 355 , 37 h, 395 ). 

Pollination, 494, 583. 
Pollinium, 557, 913. 
Pollinodium, 236, 307, 309, 
312, 313, 898 (Figs. 204, 
207). 

Polyblastia, 329. 

Polycarpae, 631, 657. 
Polycarpellary, 561. 


Polycarpic, 594. 

Polycarpous, 560. 

Polychidium, 328. 

Polycyclic, 601. 
Polycmbryony, 526, 593. 
Polygala, 136, 6ta (Fig. 41 7). 
Polygalacea:, 136, 653,660. 
Polygamous, 535, 905. 
Polygamy, 905. 

Polygonaceae, 493, 565, 662. 
Polygonatum, 186, 619 (Figs. 
143, 420). 

Polygonum, 580, 638, 930. 
Polypodiacea, 391,421,441. 
Polypodies, 441. 
Polysymmetrical, 204, 611. 
Polytrichum, 365, 366, 368, 
384 (Fig. 273). 

Pomeie, 662. 

Pomegranate, 6 1 6. 
Pontederiaceae, 632. 

Populus, 637, 640. 
Pore-capsule, 616. 

Porlieria, 651. 

Porocyphus, 328. 
Portulacacea’, 661. 

Posterior, 600. 

Potamogeton, 625, 630. 
Potamogetonea!, 586, 631. 
Potassium, 696, 699. 

Potato, 50, 59. 

Potentilla, 609, 651. 

Pottia, 361. 

Pressure, Effect of, on 
growth, 809. 

Prickle, 100. 

Primary hast, 650. 

Primary cortex, 127,1 30, 532, 
^ 49 - 

Primary endosperm, 582. 
Primary tibro - vascular 
bundle, 129, 649. 

Primary meristem, 80, 82, 
' 37 - 

Primary root, 164, 166. 
Primary tissue, 80. 

Primary wood, 531, 650. 
Primine,57 1 ( Figs. 397, 398). 
Primordia, 609. 

Primordial cell, 5. 

Primordial epidermis, 147. 
Primordial utricle, 42. 
Primulaccre, 493, 5^5, 574, 
644, 659 (Fig. 456). 
Primulinea, 659. 
Procambium, 1 10. 

Products — 

of degradation, 705. 
of degradation of chloro- 
phyll, 47. 

Pro-embryo, 293 (Fig. 191). 
Pro-embryonic branch, 296. 
Prolification, 490, 503. 
Pioinyceiium, 330; Fig. 224). 
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Pro-nucleus, 495. 
Prosenchyma, 83, 950. 
Protandrous, 9 to. 

Protcacea, 662. 

Proteids, 51. 

Proten, 121. 

Protenchyma, 1 2 1 . 
Prothallium, 225, 385, 393, 
394 , 427 , 444 , 447 , 471 , 
486, 498, 521, 522, 582. 
Protococcus, 248, 329. 
Protogynous, 910. 
Protomyces, 335, 957. 
Protonema, 226, 342, 346, 
3 6 t, 362, 363, 376 (Figs. 
247, 284, 250, 259). 
Protophyta, 244, 24s. 
Protoplasm, 2, 37, 947. 
Prototaxites, 272. 

Pscudaxis, 178, 180. 
Pseudocarp, 22 t, 594, 614. 
Pscudo-parcnchyma, 84,307. 
Pseudop<ylium — 
of Mosses, 369. 
of Sphagnum, 379 (Fig. 
263). 

Psoudotsuga, 533. 

Psilotea, 392. 

Psilotum, 164, 460, 464, 942, 
957 - 

Psoralea, 81 (Fig. 69). 
Pteris, 24,27,28, 30, 35, 109, 
113, 123, 144, 216, 424, 
426, 428, 429, 431, 439 
(Figs. 22, 27, 28, 31, 38, 
84, 91, 95, ii2, 156, 
294, 296, 299-301, 307, 

308). 

Puccinia, 33*, 333 , 33 1 (Figs. 
223, 224). 

Pulvinus, 880, 882, 889. 
Punctum vegetationis, 138. 
Punica, 651. 

Purpose, 934. 

Puschkinia, 495. 

Putamen, 616. 

Pycnidium, 308, 316, 326. 
Pycnophycus, 282. 
Pyrcnomycetes, 316. 

Pyrola, 562, 634 (Fig. 387). 
Pyrolacea, 659. 

Pyrus, 559. 

Pythium, 273. 

Pyxidium, 616. 

Quercus, 593, 636 (Figs. 438, 
439 )- 

Raceme, 595. 

Racemose branching, 179. 
Racemose inflorescence, 595. 
Racoblenna, 328. 

Radial bundles, 949. 
Radiation of heat, 725. 


Radicle, 593, 635. 

Radula, 343, 34 6 > 35 6 , 3 62 
(Fig. 245). 

Rafllesiacea, 634, 656. 
Ramalina, 327. 

Ramenta, 428, 435. 
Ramondica, 658. 
Ranunculacea, 634, 657. 
Raphe, 492, 570. 

Raphides, 65, 84, 88. 
Rcaumuriacea, 660. 
Receptacle — 

of Flower, 221,490, 559, 
614 (Figs. 159-161). 
of Mosses, 370 (Figs. 
253, 256}. 

Receptacles tor secretions, 
93 - 

Receptive spot, 27 1,280, 425. 
Reciprocal hybrids, 916. 
Regular flowers, 61 1. 
Rejuvenescence of the cell, 
8, 945 - 

Reproductive cells, 223, 896. 
Reseda, 608 (Fig. 145). 
Resedacea, 608, 659. 
Reserve-materials, 704. 
Reservoir of reserve-mate- 
rials, 704. 

Resin, 705. 

Resin-passages, 93, 94, 532, 
949 (P'g- 7 «)- 
Respiration, 721. 

Restiacea, 632. 
Resupination, 604. 
Retardation of growth by 
light, 755, 832. 

Revolving nutation, 855. 
Rhamnacea, 660. 

Rheum, 565 (Fig. 391). 
Rhinanthus, 579, 648. 
Rhizanthca*, 656. 

Rhizine, 319 (Fig. 214). 
Rhizocarpea, 385, 391, 442, 
957 - 

Rhizocarpon, 323. 
Rhizoclonium, 281. 

Rhizoid, 231, 293, 296, 367 
(Figs. 80, 191, 248). 
Rhizome, 216. 

Rhizophore, 168, 477. 
Rhododendron, 557. 
Rhodoracea', 601, 659. 
Rhodospcrmine, 50, 51, 298. 
Rhus, 644 (Fig. 452). 
Rhynchonema, 904, 920. 
Ribes, 107 (Fig. 90). 

Riccia, 344, 351, 354 (Figs. 

239, 240). 

Riccica, 352, 354. 

Ricinus, 53, 112, 114, 182, 
544, 635, 705, 7 /f> (Figs. 
4 «, 93 , 94 , 1 39 , 3&6, 435 , 
47 i). 


Rivularia, 248. 

Rivulariea, 247, 328. 

Robinia, 584, 652. 

Roccclla, 329. 

Roestella, 331, 335. 

Root, 150, 162. 

Root-cap, 144, 162, 952 

(Figs. 1 1 2, 1 14, 120-122). 
Root-hairs, 162. 

Root -pressure, 676, 685, 

688 (Figs. 467, 469). 
Root-shcath, 165 (Figs. 123, 
124). 

Root-system, 164. 

Roots — 

branching of, 164, 181 
(Figs. 125, 138). 
fibrovascular system of, 
1 1 4, 949 (Figs. 96, 
106). 

growth in thickness of, 
13 3 (Figs. 106, 107). 
Rosa, 220 (Fig. 160). 
Rosacea, 662. 

Rose-hip, 221,614. 

Rosette, 521. 

Rosiflora, 662. 

Rostellum, 913 (Fig. 492). 
Rotation of protoplasm, 39, 
43 - 

Rubiacea, 643, 658 (Fig. 

446). 

Rubus, 578. 

Rudbeckia, 599. 

Ruscus, 217, 935. 

Rutacea, 660. 

Rutea, 660. 

Sabal, 191 (Fig. 149). 
Sabina, 516, 527. 

Sabulina, 578. 
Saccharomyces, 244, 249. 
Saccharomycetes, 244, 249, 
955 * 

Sagittaria, 74, 624 (Fig. 59). 
Salicinea, 660. 

Salisburia, 512, 527 (Fig. 
347 )- 

Salix, 599. 

Salvia, 912, 940 (Fig. 498). 
Salvinia, 191, 39 t, 44 3, 444, 
445 , 449 . 45 °. 453 (Pigs. 
150, 3 ° 9 » 3 H- 3 I 3 . 3 ><>, 
3 > 9 )- 

Salviniacea, 391, 459. 
Samara, 615. 

Sambucus, 650 (Fig. 465). 
Samolus, 566, 599. 
Samydacea, 659. 
Sanguisorba, 578. 
Sanguisorbea, 662. 
Santalacea, 576, 662. 
Santalum, 579, 580, 581. 
Sap- vesicles, 42. 
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Sapindaceac, 653, 660. 
Sapindeae, 660. 

Saponaria, 535. 

Sapotaceae, 659. 

Saprolegnia, 897, 955 (Fig. 
163). 

Saprolegniea;, 235, 244, 272, 
955 - 

Saprophytes, 214, 242, 620, 

649, 697, 721, 942. 

Sarcina, 249, 954 (Fig. 166). 
Sarcocarp, 615. 

Sarcogync, 325. 

Sarracenia, 640. 
Sauromatum, 183, 624. 
Saurureae, 656. 

Saxifraga, 562 (Fig. 386). 
Saxifragaccac, 642, 661, 949. 
Saxifraginca*, 661, 

Scabiosa, 593. 

Scalariform vessels, 25, 27, 
ll4i439(I - ''KS-27i94. 3°«). 
Scale-leaves, 186, 214. 
Scattered arrangement, 188. 
SchizDea, 432. 

Schizaiaccac, 391, 440. 
Schizandreae, 657. 
Schizocarp, 614, 615. 
Schizomycetes, 244, 248, 

954 (Fig. 166). 

Schultz’s solution, 69. 
Sciadopitys, 519, 527. 

Scilla, 597. 

Scirpus, 625 (Fig. 426). 
Scitamineae, 632. 
Scleranthcae, 66 1. 
Scleranthus, 645 (Fig. 458). 
Sclcrenchyma, 35, 84, 122, 
125 (Fig. 28). 

Scleroblasts, 83, 84. 
Sclcrotium, 306, 315, 317. 
Scolccite, 310. 

Scorpioid cyme, 180, 597 
(Fig. 136). 

Scorpioid dichotomy, 178 
(Fig. 134). 

Scorzonera, 87 (Fig. 72). 
Scrophularia, 90 ( Fig. 75). 
Scrophulariaccx, 658. 
Scutellum, 166, 618 (Figs. 

12.3, 124). 

Scutiiorm leaf, 444, 447 
(Fig. 311). 

Scytonenia, 248. 
Scytonemeae, 248, 328. 
Scytosiphon, 956. 

Secondary — 

bundles, 136, 653, 950. 
endosperm, 582. 
meristem, 82. 
phloem (bast), 127, 131, 
650. 

products of metastasis, 
705 - 


Secondary — 
roots, 164. 

wood (xylem), 127, 131, 
531,650,651. 
Secretion-canals, 93. 
Secundine, 571. 

Securidaca, 136, 653, 950. 
Sedum, 597 (Fig. 85). 

Seed, 486, 593, 618, 633. 
Segmentation of the apical 
cell, 139, 951 (Figs. 108- 
1 12). 

Selagincar, 658. 

Selaginella, 47, 80, 122, 471, 
473 , 476, 477 , 479 , 480, 
481, 482, 483, 486 (Figs. 
44,67, 100, 331, 335 - 340 - 
Selaginclleir, 392, 481. 
Sencbiera, 604. 

Senccio, 578. 

Sepal, 214, 538. 

Septate Fibres, 118, 651 
(Fig. 97 )- 

Scpticidal dehiscence, 616. 
Septifragal dehiscence, 616. 
Sequoia, 509, 527. 

Scrjania, 653. 

Serpen tarieae, 656. 

Seta — 

of Cype races*, 538. 
of Mu seines-, 344, 351, 
374 (Figs. 266, 273). 
Sexual— 

affinity, 916. 
generation, 225, 
reproduction, 223, 896. 
reproductive cells, 224, 
897 - 

Sexuality, development of, 
901. 

Sheath-teeth, 400 (Figs. 278, 
282). 

Shells, formation of, in the 
cell-wall, 32 (Figs. 35-38). 
Shield, 298 (Figs. 198, 200). 
Shoot, 158, 215. 

Sieve-cells, 22. 

Sieve-plales, 22, 89, 118 
(Figs. 98, 99). 

Sieve-pores, 89. 

Sieve-tubes, 88, 118, 948 
(Figs. 7«, 98, 99). 
Sigillaria, 485. 

Silenese, 661. 

Silicon, 696, 700. * 

Siliqua, 616. 

Silphium, 598, 640. 

Silver grain, 130, 651. 
Simarubeae, 660. 

Simple glands, 84. 
Simultaneous whorls, 187. 
Sinningia, 580. 

Siphoneac, 271, 955. 
Sirogonium, 258. 
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Sirosiphon, 248, 328. 
Sisymbrium, 599. 
Sisyrinchium, 578. 

Skeleton of cell- wall, 36. 
Skeleton of starch-gram, 60. 
Sleep of plants, 873. 

Sodium, 696, 699. 

Soft bast, 1 19. 

Solanaceac, 111, 219, 597, 
658. 

Solanum, 556. 

Solorina, 326. 

Solubility of starch-grains, 
61. 

Sorby’s researches on chlo- 
rophyll, 764. 

Sordaria, 316. 

Soredial branch, 321 (Fig. 
217). 

Soredium, 326 (Fig. 221). 
Sorus, 435 (Figs. 292, 304, 
321). 

Spadiciflorae, 63 t, 884. 
Spadix, 595. 

Sparmannia, 651, 884. 
Spathc, 540, 624. 
Spathularia, 311. 

Special mother-cells, 15, 32, 
554 (Figs. 34, 378, 379). 
Species, 927. 

Species, Origin of, 920. 
Species-hybrid, 915. 
Spectrum of chlorophyll, 759. 
Spcrmatia, 308, 326, 329, 
333* 898. 

Spermogonium,3o8, 3 16,326, 
33°* 333 (Fig. 223). 
Spermothamnieae, 290. 
Sphacelarieae, 283, 944, 965. 
Sphacelia, 317. 

Sphaeria, 316. 
Sphierobacteria, 249. 
Sphaerococcus, 289. 
Sphaeromphale, 329. 
Sphaeroplea, 235, 269. 
Sphxrotheca, 311. 
Sphagnaceae, 377. 

Sphagnum, 376, 377, 378, 
379 (Figs. 81, 258-263). 
Sphenophyllum, 408. 
Sphere-crystals, 63, 64, 420 
(Fig. 50 - 

Spicatc inflorescences, 595. 
Spicular cells, 66, 84 (Fig. 
52). 

Spike, 595. 

Spilonema, 328. 

Spine, 218. 

Spiraea, 651. 

Spiraeeae, 662. 

Spiral arrangement, 190. 
Spiral flowers, 600. 

Spiral theory of phyllotaxis, 
201. 
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Spiral vessels, 22, 90, 114, 

1 16 (Figs. 75, 95 )- 
Spirillum, 249, 954 (Fig. 
166). 

Spirobacterin, 249. 
Spirochaete, 249. 

Spirogyra, 10, r6, 46, 234, 
258, 946 (Figs. 5 ) 6, 13, 
170). 

Spirulina, 249. 

Splitting of the cell-wall, 73 
(Figs. 58, 59). 

Spong/ parenchyma, 84. 
Spontaneous periodic move- 
ments, 880, 881, 895. 
Sporangium, 388, 402, 414, 
436 , 453 , 455 , 456 , 459 , 

466, 475, 476, 479, 480 

(Figs. 285, 290, 292, 304, 

305, 3*9-322, 325, 327, 

334 , 335 , 337 , 33 «)- ' 

Sporastatia, 323. 

Spore, 223, 228, 382, 404, 
438 - 

Spores, Mode of formation 
of, 12 (Figs. 7, 10, 188, 
205, 223, 227, 268-270, 

286, 305, 306, 322, 323, 

337 )- 

Sporidia, 330, 334 (Fig. 224). 
Sporocarp — 

• of Carposporea*., 236, 
284 (Figs. 164, t 87— 
190, 199, 204, 207, 
208, 218). 

of Rhizocarpeae, 451, 
452 , 453 , 455 , 45 6 ,459 
(Figs. 317-32*, 3 2 5 ). 
Sporogonium, 226, 342, 350, 
354, 355 , 360, 374, 379 , 
380, 381 (Figs. 238, 240, 
246, 257, 263-266). 
Sporophore, 225, 343, 387. 
Spur, 570 (Figs. 396, 491). 
Squamarieae, 292. 

Stamen, 490, 505, 514, 529, 
54 *, 543 , 544 , 545 , 54 6 
(Figs. 344, 347 - 35 °, 362- 
366, 490). 

Staminal leaves, 541. 
Staminode, 548. 
Staphisagria, 608. 

Staphylea, 651. 

Staph yleaceac, 660. 

Starch, 6, 56, 707, 747- 
Starch-forming corpuscles, 
948. 

Starch grains, 46, 56, 61 
(Figs. 45, 49). 
Staurospermum, 257. 

Stem, 150, 157. 
Stem-tendrils, 217, 865. 
Stephanosphaera, 255 (Fig. 
168). 


Sterculia, 547 (Fig. 371)* 
Sterculiaceae, 661. 
Stereocaulon, 319. 

Sterigma, 326. 

Stichococcus, 329. 

Sticta, 320 (Fig. 214). 
Stigeoclonium, 4, 8 (Fig. 3). 
Stigma, 493, 558, 568 (Figs. 
382, 385-387, 390 - 392, 

395 , 49 *, 492 )- 
Stigma, of Muscineae, 343, 

373 - 

Stigmaria, 485. 

Stigmatic cells, 351. 

Stinging hairs, 100. 

Stipulate, 390, 410. 

Stipule, 212, 215, 640. 

Stipules of Chara, 295. 

Stolon, 217. 

Stomata, 77, 102, 103, 104, 
105, 106, 678, 949 (Figs. 

„ 84-89)- 
Stone, 122, 125. 

Stone-cells, 84. 

Stone-fruit, 616. 

Stratification of the cell- 
wall, 19, 27, 946. 
Stratioteae, 631. 

Stratiotes, 952. 

Strawberry, 2 21 , 594, 614. 
Strclitzia, 555. 

Striation of the cell-wall, 
• 9 . 2 7 (figs. 28, jo, 32). 
Stroma, 316 (Fig. 209). 
Strontium, 695. 

Strophiole, 618. 

Struggle for existence, 929. 
Struihiopteris, 428, 433, 

435 - 

Strychnaceae, 658. 

Strychnos, 587, 949. 

Style, 558, 567 (Figs. 383, 
386, 388-390, 392, 393, 

395 . 49 ')- 
Stylidiea!, 659. 
Stylogonidiurn, 239. 
Stypocaulon, 139 (Fig. 108). 
Styracace*, 659. 

Suberous change of cell- wall, 
20. 

Subhymenial layer, 310, 323, 
325. 333 . 338 (Figs. 7 , 205, 
218, 219, 227). 

Successive whorls, 187. 
Succulent tissue, 83. 

Sugar, 708. 

Sulphur, 696, 698. 

Sulphuric acid, 698. 
Sunflower, 7 1, 154, 17 1 (Figs. 
118, 126). 

Superior gynaeceum, 560. 
Superposed, 189, 601, 645. 
Surface-growth of the cell- 
wall, 21, 946. 


Survival of the Fittest, 941. 
Suspensor, 472, 499, 523, 
588 (Figs. 332, 354, 355, 

399 , 4 °°, 4 oa “ 4 ° 5 )» 
Swarm-spore, 4, 12, 240. 
Swartzieae, 662. 

Swelling -up, 35, 61, 668, 
778. 

Swimming of swarm-spores, 
38. 

Symmetry, 204, 537, 6io, 
960. 

Sympetalac, 658. 

Sympetalous, 221, 539. 
Symphoricarpus, 642 (Fig. 
440). 

Symphyllous, 539. 
Symphytum, 577, 598. 

S y mpodial inflorescence, 597. 
Sympodium, 178, 180. 
Synacmic, 910. 

Synalissia, 327. 

Synandrae, 658. 

Syncarp, 614. 

Synchitrium, 252. 

Synergida?, 580, 959 (Fig. 
399 )- 

Synsc-palous, 221, 539. 
Syntagma, 664. 

Syringa, 652. 

System, Natural, 942. 

Taccaceae, 632. 

Tagrna, 664. 

Tamariscineae, 660. 

Tannin, 706. 

Tap-root, 637. 

Tapetum, 388, 437,491 (Figs. 

3°5, 322, 337, 374. 377). 
Targioneac, 356. 

Tasmannia, 651. 

Taxineae, 527,958. 
Taxodincac, 527, 958. 
Taxodium, 510, 517, 527. 
Taxus, 513, 522, 527 (Figs. 

348, 354)- 
Tecoma, 137, 654. 

Teeth, 381, 383. 
Telcutospore, 3 30 (Figs. 223, 
224). 

Temperature, Influence ol, 
725 - 

Tendril, 214, 217, 865, 934, 
936 (Fig. 486). 

T ension — 

in plants, 787. 
of tissues, 794. 
Terebinthaceae, 93, 660. 
Terebinthineae, 660. 
Terminal branching, 176. 
Ternstrdmiaceae, 660. 

Testa, 486, 492, 593 (Figs. 

346 . 435 , 436 , 438 )- 
Tetracyclae, 655, 657. 
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Tetragonidia, 389, 956 (Fig. 
190). 

Tetragonieae, 662. 
Tetramerous, 641. 

Tetraphis, 369 (Figs. 251, 
252). 

Tetrapoma, 605. 

Tetraspora, 248. 

Thalloid Hepaticae, 346. 
Thallome, 15^ 158. 
Thallophytes, 1 51, 231, 244. 
Thallus, 1 51. 

Thamnidium, 267. 

Theca, 344, 374 (Figs. 266, 
267, 271-273). 
Theobroma, 635. 
Theoretical diagram, 602. 
Theory of descent, 940. 
Thesiutn, 599, 648. 
Thickening-ring, 129, 147, 
653. 

Thread-indicator, 827. 
Thuja, 514, 527 (Fig. 351). 
Thujopsidae, 527. 
Thunbergia, 34 (Fig. 36). 
Tliymelaeaceae, 662. 
Thymelaeineac, 662. 
Thyrsopteris, 419. 

Tilia, 652 (Fig. 463). 
Tiliaccae, 646, 661. 

T issues, Forms and Systems 
of, 79- 

Tissues, Morphology of, 70, 
948. 

Tinesipteris, 462. 

Torenia, 581. 

Torreya, 519, 527, 958 - 
Torsion, 859. 

Torus, 490, 559 - 
Trabeculae, 479 (Fig. 334). 
Tracheides, 75, 116, 949. 
Traction, Action of, on 
growth, 809. 

Tradescantia, 554^ 577- 
Trama, 338 (Fig. 227). 

T ransfusion-tissue, 533. 
Transpiration, 678, 961. 
Transpiration current, 682. 
T ransport of assimilated sub- 
stances, 711. 

Transverse wall, 426. 

Trapa, 586, 592, 633 (Fig. 
125). 

Traubc’s artificial cells, 671, 

96I. 

Tree-ferns, 215, 433. 
Tremellineae, 336,956. 
Trichoblast, 85 (Figs. 70, 
4 66). 

Trichogyne, 238, 288, 290, 
329 (Figs. 164, 188-190). 
Trichomanes, 421, 441. 
Trichomc, 150, 160. 
Trichomes, of Ferns, 435. 


Trichophore, 238, 288, 292. 
Tricoccae, 661. 

Tricyclic, 601. 

Trifolium, 599. 

Triglochin, 577, 626. 
Trimorphism, 907. 
Triphragmium, 332. 
Tritonia, 577. 
Trochodendron, 651. 
Tropxolacea;, 660. 
Tropaeolum, 14, 586, 640, 
865, 936 (Fig. 486). 
Truffle, 314. 

Tsuga, 527, 533 - 
Tuber, 215, 216, 226, 704, 
935 - 

Tuber (truffle), 308, 315. 
Tuberaceae, 314. 

Tubiflorx, 658. 

Tulipa, 715 (Fig. 470). 
Tiillen, 24, 810. 

Turgidity, 781, 788, 962. 
Turneraceae, 659. 

Twining of climbing plants, 
862. 

Twining of tendrils, 865. 
Twining stems, 217, 862. 
Tyloses, 24,810. 

Type, 94 *• 

Typha, 491, 541, 542, 564. 
Typhacca.*, 573, 631. 
Tyrosine, 718. 

Udotea, 272. 

Ulex, 652. 

Ulmaceac, 656. 

Ulmus, 584, 940. 
Ulothricaceac, 257. 

Ulothrix, 252, 253, 257, 901, 
902. 

Ulvaceae, 281. 

Umbel, 596. 

Umbel, Cymose, 185, 596. 
Umbellicaria, 325. 

Umbel li ferae, 66 r. 
Umbelliflorae, 661. 

Uncaria, 962. 

Unequal growth, 854. 
Unguis, 539. 

Unicellular plants, 79, 232, 
692. 

Unilateral cieinai cyme, 597. 
Unilateral helicoid cyme, 
597 - 

Uredineae, 330, 956. 

Uredo, 330. 

Uredospore, 330, 333 (Fig. 

223)- 

Urn, 344, 374. 

Uromyces, 332. 

Uropedium, 603. 

Urticaceac, 100, 656. 
Unices, 656. 

Urticinca?, 656. 
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Usnea, 320, 321, 327 (Figs. 

213, 217, 221). 

Ustilagineae, 335, 956. 
Utricular vessels, 88 (Fig. 7 3). 
Utricularia, 639. 

Vaccinieac, 659. 

Vaccinium, 648. 

Vacuole, 3, 38, 40. 

Vaginula, 344, 374. 

Valeriana, 643 (Fig. 443). 
Valerianaceae, 643, 658. 
Vallisncria, 43, 769. 
Vallisnericse, 631. 

Valonia, 946. 

Vanilla, 935. 

Variation, 777. 

Variation of hybrids, 918. 
Varieties, Origin of, 920. 
Variety, 921. 

Variety-hybrid, 915. 
Vascular Cryptogams, 385. 
Vaucheria, 41, 244, 269, 270, 
271, 897 (Figs. 40, 176, 
* 77 )- 

Vegetable ivory, 587. 
Vegetative cone, 138. 

Veins, 122. 

Velamen, 98. 

Velum, 337, 475 (Fig. 225). 
Venation, 213, 624, 641. 
Ventral canal-cell, 350, 386, 
395 , 425 > 446 (Figs. 256, 
295). 

Veratrum, 596. 

Verbascum, 577. 
Verbenaceac, 658. 

Veronica, 599. 

Verrucaricar, 329. 

Versatile anther, 543. 
Vcrticillate flowers, 600. 
Vessels, 80, 116, 949. 
Vibratile cilia, 4, 240. 

Vicia, 635, 882, 936 (Figs. 
4 36 , 477 ). 

Victoria regia, 640. 

Vine, 837, 935, 936. 

Viola, 568, 586, 912 (Figs. 

395 , 400* 401, 49 i). 
Violacese, 659. 

Virginian creeper, 837, 937. 
Viscum, 578. 

Vitis, 639, 865 (Fig. 457). 
Volkmannia, 408. 
Volvocineae, 244, 278. 
Volvox, 278, 945. 

Water, Ascent of, from the 
root, 685. 

Water, Currents of, in the 
wood, 679. 

Water, Exudation of, 676. 
Water, Movements of, 674. 
Water of crystallisation, 31. 
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Water of organisation, 3 1,62. 
Water-pores, 949. 

Watsonia, 584. 

Wax, 99. 

Wellingtonia, 509. 
Wehvitschia, 66, 170, 528, 
5 3 1 * 953 . 

Wendungszellen, 299, 302 
(Fig. 202). 

Whorl, 170, 187. 

Whorl, Spurious, T70, 187. 
Widdringtonia, 527. 
Wistaria, 653, 950. 

Wood, 111. 

Woodwardia, 433. 
Wrangelieae, 290. 

Xanthium, 215, 940. 
Xanthophyll, 765. 


Xanthoxylacese, 660. 
Xylaria, 316. 

Xylem, m. 

Xylem-portion of fibrovas- 
cular bundle, 116. 

Xylem ray, in, 131. 
Xylophylla, 217, 935. 
Xyrideas, 632. 

Yeast-fungi, 249. 

Yew, 512. 

Yucca, 127, 629. 

Zamia, 501, 505, 958 (Figs. 

342 , 344 ). 

Zanichellia, 618. 

Zea, 580, 620, 925. 

Zinc, 695. 

Zingiberacey, 625, 632 (Fig. 
429). 


Zoogonidia, 12, 240 (Figs. 3, 
4, 9, 162, 167, 168, 169, 
173, 176, 178, 180, 182). 

Zoospore, 234, 254 (Figs. 
167, 168, 181, 183). 

Zoosporey, 253. 

Zostera, 557. 

Zygnema, 46, 258. 

Zygnemezr, 257. 

Zygogonium, 258. 

Zygomorphic, 204,610, 611, 
612, 613. 

Zygomycetes, 9, 244, 955. 

Zygophyllaceae, 660. 

Zygospore, 9, 224, 234, 254, 
258, 265, 897 (Figs. 162, 
167, 168, 170, 171, 174, 
175 )- 

Zygosporcy, 244, 250. 


THE END. 






